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age a 
Study reconfirms launderability rayon 
aga 
vat-dyed fabrics stabilized with Avcoset 

Twenty consecutive launderings after and launderings. After the washings, 
white, cream, and yellow spun Dry strength changes the ings, the number units color 


rayon shirts that had been treated 
with the process, have 
clearly proved their commercial 
launderability. 


This was the finding study 


warp direction ranged from 7.5 
26.2 per cent after washings. 
the filling direction changes 
ranged from 6.8 22.7 per cent. 


rupturing nor visible damage 


difference the cream shirts was 
5.87, and the yellow shirts, 3.50. 
Whiteness retention was 100 per 
cent throughout. 


Inquiries about the Avcoset 


conducted shirts the Col- during the washings. process for stabilizing rayon shirt- 

lege Household Arts and Sci- Dimensional changes, ing and other fabrics are 

ences, Texas State College for mercial Standard Complete technical 

Women. The study was made showed positive negative assistance its application 

under Textile Research Fellow- greater than per available from American Viscose 
ship sponsored American Higher shrinkages noted the textile technicians. 


cose Corporation. 
The strength, dimensional 
change, and color retention val- 


ues the shirts were measured 


season 


New York, May, 1933—Mak- 
ers of rayon blouses and dress- 
es have created a‘ fifth season’ 

a late showing on summer 


PHILADELPHIA, May, 1933 — 
Rayon is claiming a big share 
of the spotlights at the 29th An- 
nual Knitting Arts Exhibition. 


seams were attributed the 
thread used and the amount 
tension applied during commer- 


cial laundry pressing procedure. 
« c 


YEARS AGO 


Paris, May, 1933 —‘“‘Peau du 
Diable’ (Devil's Skin) is the 
name of a new wrinkle-fin- 
ished rayon novelty material 
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with one wonderful washfast resin 


RHONITE 


For wide range calendered effects, from friction deep 
embossing, from plain RHONITE stands out among 
the new textile resins. Whether you use plain, chasing, friction, 
Schreiner embossing calender, RHONITE extra 
durability the finish—even after repeated washings. Investigate 
the sure-fire way put lasting appeal into all types embossed 


with RHONITE Write today. 
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NEW PROFITABLE PRODUCTS 


Research work new products keeping pace with the many types 
non-oriented webs produced the RANDO-FEEDER and RANDO-WEBBER. 

the past few months number new products have come the market. Because 
non-oriented webs have’strength all directions, resilience, resist delamination 

and splitting have wide range weights and thicknesses (from ounce 

ounces square yard, from paper thin inches depending 

the fiber used) many types product are possible. Research work now under 
way promises the introduction many new materials, some which 


may not even recognized textile products. 


Your waste and staple fibers can 


make additional profits for you. 
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that makes use established 
sample techniques and existing 
clamp equipment, but 


adds these advantages: 


Applies constant rate load 
sample. 


Sample gauge length may 


Motor driven, with control for 
either single tensile test con- 
tinuous hysteresis cycles. 


Breaking load and elongation are 
recorded instantly without lag. 


Produces permanent record, 
reading directly grams, useful 
for filing and reference. 
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THE NEW SYNTHETIC FIBERS 


Introduction 


Few developments modern times have affected 
mankind profoundly synthetic fibers. the 
need for such fibers had long been recognized, the 
inventive genius and the skills the 
present century were required for their production. 

The brilliant British physicist Robert Hooke pre- 
dicted the eventual development artificial silk 
that the basic problem 
provision suitable “artificial glutinous composi- 
much resembling that out 
silkworm wiredraws his clew,” stated that “if such 
composition were found, were certainly easy 
matter find very quick ways drawing out into 
small wires for need the 
use such invention, nor the benefit that likely 
accrue the finder, they being sufficiently obvious.” 

While may question Hooke’s designation the 
development suitable spinning. techniques 
“easy matter,” his procedure still serves 
print for the development new fibers. Then, 
now, the problem resolved itself into the basic steps 


Presented the 119th Annual Meeting the American 
Association for the Advancement Science St. Louis, 
Mo., Dec. 27, 1952. 

Director Research, The Chemstrand Corp., Decatur, 


Ala. 


(7) providing composition having the desired 


physical and chemical properties, and (2) shaping 


the composition into filaments the size 
and shape. 

Despite this promising beginning, very little prog- 
ress was made during the next two centuries, primarily 
because the science chemistry had advance the 
point which could supply the “artificial glutinous 
produced experimental filaments 
ether-alcohol solution cellulose nitrate, and shortly 
thereafter Swan found that the product 
denitrified, thus regenerating the cellulose, 
action ammonium sulfide. The stage was thus set 
for the production fiber, although 
the basic raw material had been provided 
marvelous photosynthesis process instead 
the test tube. 

Count Chardonnet then bent his keen mind the 
task the closing years the century. 
observation spaghetti machine extruding plastic 
mass the form large filaments led him the con- 
clusion that fiber could produced 
through minute orifices. After many false starts, the 
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Weston-Swan process for the regeneration cel- 
lulose was adopted, with promising results. 
led the construction the first plant for the com- 
mercial production “artificial silk” rayon, 
Besangon, France, 

Rayon was produced initially this country 
1911, and 1938 was second only cotton 
terms annual consumption. consumption 
rayon and acetate the rate billion pounds 
per year, equivalent approximately 20% our 
total fiber requirements. 

Further developments chemistry made 
sible attempt duplicate nature’s work con- 
structing large molecules from single basic materials. 
1927 the Pont Company inaugurated funda- 
mental research program which was result the 
first true synthetic fiber, one composed molecules 
entirely formed man prearranged 
pattern, starting with chemical raw materials. 

Nylon, the product this development, was placed 
the market 1939, and quickly displaced silk 
hosiery and fine garments. regarded many 
textile experts the outstanding fiber 
natural and synthetic fibers. 
been 

lon, the textile industry requested 
thetic fibers possessing new and unusual properties 
satisfy the consumer demand for garments having 
improved styling, comfort, and durability standards. 
Orlon, Acrilan, Dynel, Dacron, and other synthetic 
(or chemical) fibers have been developed with be- 
wildering rapidity during the past few years 
sponse this demand. 


Hooke’s prophecy had 


And the end not sight, 
many other synthetic fibers, such X-51, nylon 
and M-24, are various stages development 
and may expected available commercial 
quantities the near future. 

The United States has not been alone 
spect, important developments have also been made 
abroad the field synthetic fibers. The develop- 
ment Terylene England, Perlon and Redon 
Germany, and France have been outstand- 
ing contributions. 

Synthetic fibers are derived almost entirely from 
natural gas, petroleum, coal, limestone, salt, and other 
readily available raw materials. Man thus turning 
increasingly from agricultural products minerals 
for his clothing. 

This trend timely, for synthetic fibers 
quired ever-increasing quantities for clothing due 
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increasing competition between food fiber 
crops for available land. the time 
prophecy, there were approximately million 
people the world, and new land was available for 
cultivation apparently unlimited quantities. To- 
day, the world population approximately 
lion, and the rate per year. 
This increase population has been accompanied 
equally rapid decline the amount land 
adapted food and fiber production due 
sion, improper use, and The avail- 
able arable land the globe now estimated not 
more than billion acres, slightly more than one 
acre per The production 
sufficient quantities meet minimum 
task. 

The total world fiber consumption during the past 
fact, 
the supply natural fibers would have been inade- 
quate for this purpose substantial quantities 
semisynthetic and synthetic fibers had 
available. the world production the four 
principal rayon, wool, and 
silk—was 18} billion pounds 1950, which identi- 
cal with the production the same fibers 1936. 
This represented decline the production natural 
fibers, the production rayon had increased from 
billion pounds during the same 
out this rayon production, would 
facing serious fiber shortage today. 


few years has tended outrun 


Cotton production this country appears 
leveling off million bales per year. 
and million bales 1952, only 
were ginned each year. 


Despite 


This could develop into 
serious situation synthetic fibers were not avail- 
able, population growth will increase our total 
fiber requirements the apparel and household 
alone the equivalent million bales every 
years. 

The wool industry faced with even more se- 
rious problem. Since the end World War 
world wool consumption has exceeded wool produc- 
tion billion pounds. 

1870 there were many sheep there were 
persons this country—40 million each. 
1950, the human population had increased over 
150 million, while the sheep population had declined 
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The production domestic wool has been declin- 
ing for the past decade, and now 40% less than 
was 1942. 
wool requirements must 


result, the major portion our 
1950, 
consumed 636 million pounds wool, but produced 
only 230 million pounds. 

The future growth the synthetic fiber industry 
this country depends largely upon (7) population 
growth and (2) the availability land for agricul- 
tural purposes. With respect the first item, our 
population increasing the per day, 
mately acres land per person are required 
maintain our present standard living, and 1955 
there will less than this amount available. Some 
120 million more acres land suitable for agricul- 
tural purposes will required 1975, which only 
million can obtained drainage, irrigation, and 
clearing. This difference must met increasing 
the yields food crops per acre and increasing 
dependence upon nonagricultural sources for fibers. 

The total consumption fibers this country 
1952 was 6.5 billion pounds, equivalent 
pounds cotton, pounds rayon and synthetic, 
and pounds this rate consumption, 
100 million pounds additional fibers will 
quired each year meet the needs our growing 
will required take care the increasing per 
capita consumption fibers, which increased from 
pounds 1950, 

Synthetic fiber consumption this 
1952 amounted 275 million pounds, equivalent 
approximately all fiber consumed. Synthetic 
plus rayon consumption amounted 23% the 
total. 

The Policy Commission 
forecasts the production 975 million pounds 
synthetic fibers 1960 and billion pounds 1975. 


279 


The latter will include 1.2 billion pounds 
billion pounds polyester fibers, billion pounds 
miscellaneaous synthetic fibers, and 
pounds nylon. Rayon production will 
tionally greater dependence 
than upon rayon supply the needs the country 
that time based the increasing difficulties 
that will encountered obtaining the required 
cellulose, agricultural product which com- 
pete with food crops for the dwindling per capita 
land supply. 

consideration these figures will indicate the 
vast expansion which must take place our economy 
secure adequate supply fibers the years 
come, The textile producing and processing in- 


all 


the industrial chemicals produced this country, 


dustries now consume approximately 25% 


and this percentage undoubtedly 
more our fiber requirements are obtained the 
use chemical raw materials. The capital invest- 
ment per pound annual staple production esti- 
mated $1.00 $1.50, while the capital 
ment per pound annual filament production ap- 
million dollars required place new fiber 
million dollars required construct fiber plant 
for the production million pounds fiber per 
year, including the cost the auxiliary plants for 
producing the chemical raw materials. 

The saw the rise the synthetic organic 
chemical industry this country, while the next 
decade witnessed equally impressive developments 
synthetic rubber and plastics. The present decade 
destined one which synthetic fibers play 
the outstanding role. the present time, the syn- 
thetic fiber industry exceeds all other branches the 
chemical industry rapidity growth and 
ties for the future. 
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q 
‘a 


progressive industrialization the world 
calls for functional fibers, has for functional 
metals, plastics, paints, dyes, and other materials. 
The future man-made fibers hinges upon this con- 
certain that success will come those 
fibers possessing the greatest measure useful dis- 
tinctiveness and the most favorable relationship 
performance cost. 

For quarter century, research man-made 
fibers had been dominated with the idea duplicat- 
ing the natural fibers, especially silk and wool. 
significant change, simple concept, then occurred. 
Harold DeWitt Smith prophetically gave the indus- 
try the objective for its next stage development 
the 1944 Edgar Marburg Lecture 


essence this new philosophy that fibers 
can designed meet specific textile wants, rather 
than designing textile wants utilize immutable 
fiber personalities. There wide and exciting 
horizon the future, which the only real limita- 
tions the variety and characteristics textile fab- 
rics yet unborn will the ability the textile de- 
signer and technologist help the fiber manufacturer 
understand what kind fibers are wanted.” 
Historically, the concept producing fibers with 
definite functional properties was being put use 
rayon research the year study the 
teria fibers for automotive tires and various indus- 
trial uses indicated that suitable fiber must possess 
high tensile strength, toughness, fatigue-resistance, 
and the capability being made into thinner, more 
flexible reinforcement for rubber. 1934, engi- 
neering and chemical research the DuPont Com- 
pany, directed satisfy these specific textile needs, 
yielded “Cordura” high-tenacity rayon for tires and 
proved the engineers the rubber companies 
make the best heavy-duty tire cords for military ve- 
hicles during World War and these functional 


Manager, Textile Research Division, Textile Fibers De- 
mington, Del. 


Technical Developments Leading Present 
Man-Made Fibers 


Joseph 


JOURNAL 


rayon tire cords now dominate the market for both 
trucks and passenger cars. 

This development was not only timely 
standpoint satisfying the technical requirements 
the automotive industry, but also created aware- 
ness the need for fundamental research the 
manufactured fibers not only confirmed 
the philosophy fiber research clearly enunciated 
Smith, but also stimulated the initiation re- 
search, with the objective finding high polymers 
other than cellulose 


Early Search for Fiber Raw Materials 


For some time had been recognized that poly- 
mers other than those produced nature would 
necessary extend the frontiers the fiber industry. 
Many illustrations citing the limitations fibers from 
natural polymers could given. For example, 
rayon and acetate had been unusually successful 
the lingerie and dress field, but was the consensus 
that rayon hosiery for women was unsatisfactory be- 
cause insufficient elastic recovery and durability. 
Research was first directed study the deriva- 
tives cellulose, particularly the ethers and new 
types esters. materials, although capable 
being spun into yarns, appeared offer signifi- 
cant advantages properties cost compared with 
know types rayon and acetate fiber. 

During the course this investigation, certain 
nitrogen-containing derivatives cellulose were pre- 
pared with the thought that amino substituted 
groups would modify the properties cellu- 
lose, particularly its dyeing characteristics, 
this respect make approach silk and wool more 
investigation was unsuccessful, but 
did serve highlight three important points concern- 
ing natural the supply these 
polymers contains the factor uncertainty inherent 
nature. Second, the chemical 


natural polymers—for example, cellulose—the chem- 


ist usually limited chemically and physically the 
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necessity preserving the essential structural fea- 
tures the starting knowledge was 
needed how simple molecules are joined together 


form 


The Rise Aliphatic Chemistry 


The chemical progress our century has made 
possible the synthesis new fibers, just the indus- 
trial revolution the nineteenth century stimulated 
the use cotton. 1800 only the world’s 
textile fibers consisted cotton, 18% being flax and 
the remainder wool. The development new ma- 
chinery favored the use cotton cheaper raw 
material those uses for which its properties were 
suitable. result, cotton became king and the 
consumption wool dropped from 78% 13%. 
Yet, spite this, the consumption wool did not 
diminish pounds, but only percentage. 

The rise aliphatic chemistry, which provided the 
means for synthesizing intermediates and monomers 
economically, made possible for research con- 
sider high polymers For example, vinyl 
chloride and its polymers must inevitably 
mained laboratory curiosities until the chemistry 
acetylene and ethylene was sufficiently advanced 
Poly- 


ethylene remained undiscovered until the means 


make their use practical industrial scale. 


examining and controlling reactions under very high 
pressures had been found. 

Thus, rapid industrial developments, including that 
man-made fibers, preceded and were responsible 
for the momentum that high-polymer chemistry has 
displayed recent years. Today, synthetic high 
polymers form the basis three industries grow- 
ing importance—namely, plastics, synthetic rubbers, 
and synthetic fibers. These three industries have 
common background based synthetic 
polymers, but have different requirements for the 
basic raw materials and different technologies ap- 


plication, The intermediates and monomers used 


synthesizing polymers for fibers must easily avail- 


able and low potential cost, the polymerization 
process must relatively free from side reactions, 
and the conversion the polymer into textile fiber 
must involve process that economic and easily 
workable. The combination these requirements 
demands thorough knowledge chemical produc- 
tion, high-polymer chemistry, chemical and mechani- 
cal engineering, and the multiple needs the textile 
industry. 


Principles Fiber Formation 


Until 1920 there was generally accepted idea 
what constituted fiber-forming 
ger, Meyer, Mark, Astbury, and others, working with 
the x-ray method, showed conclusively that cellulose 
crystalline and has simple repeating pattern cor- 
responding with the dimensions glucose 
was then possible approximate the number re- 
peating units forming the 
Staudinger, working the polymerization formal- 
dehyde, indicated that long polymer chains could 
weight compounds, and that such polymers gave 
cal x-ray diagrams. The polymerization vinyl 
compounds, such styrene and vinyl 
acetate copolymers, the possibility 
making long-chain, polymers 
the polymerization simple organic compounds. 

The vinyl chloride-vinyl acetate copolymers were 
introduced the early Carbide Carbon 
Chemicals Co. under the trade-mark “Vinylite.” 
Vinyl acetate was used varying small amounts 
these copolymers make simple 
solvents like acetone. their low cost and 
easy solubility, these copolymers quite naturally at- 
tracted attention fiber-forming candidates for the 
solvent dry spinning process that was already well 
developed for cellulose acetate. The resulting fiber, 
trade-marked was introduced Ameri 
can Viscose Corp. 1938, the year that nylon was 
resistance chemicals, had some serious limita 
tions for wearing apparel—particularly low soften- 
ing point and excessive shrinkage temperatures 
normally encountered pressing operations. 

Polyvinyl chloride fibers were produced small 
scale Germany the same time the 
Farbenindustrie order overcome the re- 
stricted solubility organic solvents, the polymer 
was chlorinated impart solubility and 
was then formed into fiber modification 
known had the same limitations 


the well-known wet spinning process. 


The fiber-producing plant, which now 
the Russian zone, believed inactive and prob 
ably will not reactivated. 

1927 Carothers had begun program 
fundamental polymer research the DuPont Experi 
mental Station. His classical researches into the 
mechanism the formation high polymers gave 
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insight into the theory the production first series polyesters. The aliphatic polyesters 
polymers from simple structures—on the one hand, closely examined class, and were found 
the simple conversion monomer into poly- low melting and susceptible hydrolysis. This 
mer addition polymerization, consisting simply and other work polyanhydrides and polyacetals led 
the union several molecules with redistribution the polyamides containing nitrogen groupings 
the valency bonds but with splitting off similar natural silk and wool. 
ple chemical substances; and condensation, Carothers prepared polyamides from variety 
which several monomeric units are joined together acids and also dibasic acids. Early 1935 
the elimination one structural unit, such date—the high 
water, hydrochloric acid, and his work first 
condensation polymers, avoided the synthesized: 
af Py -N 2 N 2 —In + (Zn — 2 
Type Linking group Intermediates used preparation Remarks 
Ester —CO Hydroxy acid Fiber-forming 
Acid + glycol 
Amide —CO Amino acid Fiber-forming 
Acid diamine 
Dicarbamate glycol 
Diurea diamine 
Urea diamine 
Thiourea Diamine trithiocarbonate Fiber-forming 
Diamine NH,CNS 
Acetal COCHROC Glycol acetal Unstable, some fiber-forming 
Dithiol dihalide Fiber-forming 
Sulfone Oxidation thioether polymer Fiber-forming 
Anhydride Acid acetic anhydride Unstable, 
Ether Chlorohydrin alkali Low molecular weight 
Glycol dihalide 


Sulfonamide 


Hydrocarbon 


Diamine sulfonic acid halide 


Dihalide 


Brittle tibers 
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The resulting polymer was melt spinnable 
oriented (these two processes are described 
next section) cold drawing give lustrous fibers 
good strength and flexibility. This polymer has 
developed commercially here and abroad “66 
named because each the bifunc- 
tional intermediates has carbon 

This period early research was 
cause provided basis upon which number 
clarifying principles high-polymer chemistry and 
fiber formation were has become possible 
list some the requirements for organic high 
polymer attain fiber-forming properties: The 
polymer must consist very large molecules, with 
molecular weight exceeding 10,000 and average 
chain length over 1,000 The polymer must 
linear and must have high degree symmetry 
and bulky side-groups, that good orientation 
can The polymer must capable 
undergoing high degree orientation for the 
production strong fibers. (d) The polymer chains 
must have high degree polarity, produced 
evenly spaced polar groups the chain, give good 
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intermolecular cohesion, which leads high melting 
point and the ability maintain induced orientation. 
Hill recently published table (shown Table 
listing various condensation polymers 
Carothers and their properties. 


Research Conversion Fibers 


The great industrial developments aliphatic 
chemistry, furnishing the fiber industry with suitable 
and potentially low-cost monomers, and the basic re- 
search elaborating the synthesis and structure large 
molecules were followed additional develop- 
ment involving chemical, mechanical, metallurgical, 
thermal engineering which 
greatly the progress the chemical fibers industry. 
This development embodies the conversion poly- 
mers fibers melt spinning. 

Although glass fibers had been produced draw- 
ing out molten glass filaments and solidifying them, 
one the great engineering developments embod- 
ied the development the melt extrusion technique 
the DuPont Company for producing fibers. 
The melt spinning process can applied 


SOLID POLYMER 
MOLTEN POLYMER 
PUMP 


SPINNERET 


FREEZING ZONE (TRANSVERSE 
AIR FLOW FREEZES MOLTEN 
FILAMENTS) 


YARN WINDING 
SPINNING BOBBIN 


Nylon melt spinning scheme. 
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DRAWN FIBER 


UNDRAWN FIBER - 
MOLECULES 
RANDOMLY ORIENTED 


MOLECULES ORIENTED 
PARALLEL 
FIBER AXIS 


Fic. Orientation nylon molecules 
stretching fiber. 


production filaments when the polymer insolu- 
ble not easily soluble organic solvents and when 
the polymer will give, melting, viscous liquid 
without Unlike the old processes 
wet and dry spinning used for rayon 
there problem solvent recovery. view 
the higher temperatures used, the standard engi- 
neering precision the extrusion apparatus 
whole must high order and must capable 
producing filaments and fibers with the 
ances denier obtained other methods spin- 
ning, using solutions relatively low concentration 
the high polymer. Unquestionably, this engineer- 
ing development has had and will have the future 
profound effect the diversity synthetic fibers. 

Since undesirable keep certain polymers 
the molten condition for long periods, material the 
form chip melted heated grid, from which 
the melt delivered the spinning pump the de- 
sired rate and pumped through the spinneret. The 
issuing filaments are then cooled current air, 
conditioned steam, and wound onto bobbin (see 
Figure 1). this stage, the filaments are the 
unoriented form and comparatively low 
The orientation necessary develop the optimum 
physical characteristics effected drawing the 
yarn mechanically. 

Drawing brings about very desirable molecular 
change consisting gradual rearrangement the 
long molecular chains from their random 
(Figure The long chains are lined side 
side, parallelized, and brought very close together. 
This makes possible for strong intermolecular 
forces, present, come into play, that attenu- 
ation accompanied progressive increase ten- 
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RATIO 


Moisture 
absorption 


Draw Temp. 72% R.H., 
ratio drawing (g./den.) (Suter) (%) 78°F 
2.51 Cold 160 4.67 
3.45 Cold 4.52 
4.47 Cold 4.6 4.29 
Cold 5.8 3.90 
5.38 Cold 6.6 3.75 

3.54 


sile strength. From single polymer like polyhexa- 
methylene adipamide polyethylene terephthalate, 
possible, varying the draw ratio, prepare 
family fibers which among themselves 
mechanical properties, from ones that are weak and 
limp those that are strong shown 
Table 


Fiber-Forming Polymers 


Rowland Hill his paper “Synthetic Fibers 
Prospect and Retrospect” brings our attention 
that the discovery and development synthetic fibers 
have not followed single simple road, but have pro- 
ceeded along two broad highways. there are 
polymer intermediates which were developed for non- 
fiber purposes—vinyl and vinylidene chlorides, origi- 
nally produced commercially for plastics, and acry- 
lonitrile for synthetic rubber—being appropriately 
polymerized make them suitable for spinning op- 
erations and for fibers. Secondly, there are chemical 
intermediates, such adipic acid, hexamethylene- 
stances which were formerly 
being produced exclusively because 
fibers unusual and merit. 

Looking the problem broadly, there are num- 
ber variables which must considered when 
searching for fiber-forming polymers. The under- 
lying requirements are: satisfactory melting point, 
spatial symmetry, crystallinity, orientability, chain 
interaction, and chain stiffness. Chemical structure 
determined synthesis, while the physical struc- 
ture result the subsequent processes draw- 
ing, annealing, and setting. 


Linear Symmetry 


linked structure, exemplified phenol-formalde- 


Repeating unit 


hyde urea-formaldehyde condensates, are unsatis- 
factory for fiber formation, the bulky molecular net- 
work being generally insoluble and infusible except 
low degrees condensation and incapable giv- 
ing orderly packing. The polymers for fibers must 
linear, have good rigidity, and able conform 
system parallel chains, preferably fitting into 
well-defined crystal lattice. Projecting side-groups 
may not only spoil the symmetry the polymer, but 
their bulkiness may also spoil the fit between chains. 
This increases the separation between chains. The 
net result lowering the melting point, shown 


Table [3]. 


66 FITS REGARDLESS OF DIRECTION OF CHAIN - mp. 250° 


u 
REQUIRES REVERSAL DIRECTION BOND EACH AMIDE 
— Wc N-C 


effect good fit and close packing the 
melting point the case the nylon and nylon 
polymers. 


The figures given are all crystallite melting points determined the massive 


[3] 
Fiber 
Crystallinity formation 


CO CH, CH, CH, CH, CO NH CH, CH, CH CH, CH, CH, NH af ca 


Syrup thickening rubber 
creasing the molecular weight 


Melting Point 


research directed toward new fibers, the first 
aim must build thermally stable structures 
which are crystalline and fiber-forming and have 
sufficiently high but not too high melting 
the case nylon and nylon (the latter trade- 
marked “Perlon” some producers), 
there good example the effect good fit and 
packing melting point (see Figure 3). 
These polymers are isomers. Nylon melts 
250°C, and nylon 205°C. The reason for this 
difference melting point the fit between adjacent 
chains. sliding one chain along the next, 
possible bring each amide group into position 
where can form hydrogen bond two directions. 
this with polymer requires that every other 
chain reversed direction, extremely improb- 
able arrangement. 

This same problem fitting and packing the 
chains involved the alternating effect noted 
the melting points even and odd numbers the 
nylon polymer series, illustrated Table IV. 

The falling off melting point from the top 
the bottom the above series may, general way, 
regarded the result high-melting 
amide groups with increasing amounts low-melting 
polymethylene. Melting consists separating the 
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TABLE 


polymer 


Nylon 


4-6 Tetramethylenediamine-adipic acid 278 
5-6 Pentamethylenediamine-adipic acid 223 
6-6 Hexamethylenediamine-adipic acid 250 
7-6 Heptamethylenediamine-adipic acid 235 
8-6 Octamethylenediamine-adipic acid 235 
9-6 Nonamethylenediamine-adipic acid 205 
10-6 Decamethylenediamine-adipic acid 230 


Intermediates 


Melting points were determined Bloc Macquenne. 


molecules, and naturally can accomplished more 
easily the intermolecular bonding forces are de- 
creased loose packing and poor fit the chains. 

merization may also reduce the melting point 
spoiling the fit the chains into compact lattice. 
Figure shows how the melting point varies 
nylon copolymerized with increasing portions 
nylon. characteristic minimum observed 
the melting point versus composition curve, which 
this case 40% nylon and This 
also the composition maximum solubility, 
cating decrease the compact nature the 
lites. 
and polymers require more active solvents, such 


This composition soluble alcohol, whereas 
phenol and acid. 


Attraction 


There should high degree interchain attrac- 
tion high intermolecular cohesion due secondary 
valence and van der Waals’ forces, thus giving high 
melting point and the ability maintain induced 
orientation. such strong forces are present, 
the molecular chains show marked tendency con- 
tract the crumpled form release the extend- 
ing forces. these cohesive forces are slight, 
the fibers may remain extended but will contract 
under the action heat solvents. 

nylon) there are hydrogen bonds acting between the 
amide groups different chains, well covalent 
Weak van der 
Waals’ forces also act between the chains and, thus, 
there tightly bound structure. The strength 
these bonds and the regularity their location along 
the chain, which contributes close packing and 
crystallization, are responsible for the high melting 


forces existing within each chain. 


point They also contribute the 


strength the fiber and its high elastic 
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Disorder introduced copolymerization. 

not surprising that nylon possesses 
standing combination strength, elasticity, tough- 
these properties stem directly from the flexibility 
the polymer chain, the relatively high polymethylene 
content the chain, the strength the forces operat- 
ing between the amide groups, steric factors 
which are favorable efficient operation these 
forces. and high 
sult from the combination low elastic modulus, 
which favors spreading the load all parts the 
fiber, and high strength, which prevents rupture. 

The contribution interchain forces the physi- 


ness, and abrasion-resistance. 


cal characteristics the polymer shown reduc- 
ing these forces. This can done substituting 
alkoxyl groups for some the amide hy- 
prevent crystallization the chains, yet the unsub- 
stituted amide groups remaining serve links 
tween the chains. 

“The melting point falls rapidly with increasing 
substitution, accompanied reduction modulus. 
There steady transition through the rubber-like 
state until finally, with the 
stage reached where the polymer viscous 
liquid” 

Elastic nylons, based principle, have 
commercialized, 


Chain Stiffness 


The discovery Whinfield 1941 polyethyl- 
ene terephthalate excellent fiber-former 
outgrowth the earlier pioneering work Carothers 
and his coworkers polyesters had 
been found low melting, Whinfield and his asso- 
ciates felt that molecular symmetry was extremely 
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Melt 

Molecular Intrinsic Viscosity 

weight 
Nylon 18,000 1.3 1500 
Polyethylene 18,000 0.3 300 


terephthalate 


important its relationship melting point. 
examined the isomeric benzene dicarboxylic acids 
order confirm the importance symmetry. These 
researches resulted the synthesis and commercial 
production polyethylene terephthalate for polyester 
fibers trade-marked Imperial Chemical 
Industries, Ltd., England, and trade-marked 
cron” DuPont the United poly- 
mer has the convenient advantage sufficient heat 
stability permit its use the melt spinning process 
that had been developed with nylon. 


Polyethylene terephthalate 


The incorporation the was 
thought have stiffened the chain and probably in- 
creased the interchain attraction well. This has 
been clarified Edgar and Hill who empha- 
sized the significance the para-phenylene linkage 
important factor the determination poly- 
mer and fiber properties. These researchers also 
p-phenylene linkage, and showed that its influence 
independent any polar groups that may pres- 
ent. X-ray examination 
thalate and related substances has revealed 
dence unusually strong intermolecular forces such 
hydrogen bonding. The high melting point 
duced the para-phenylene linkage was shown 
due chain rigidity rather than solely strong 
interchain reaction, 

The effect stiffening the chain with the para- 
phenylene linkages first noted the properties 
the melt. given molecular weight, the polymer 
has lower viscosity and lower melt vis- 
cosity than nylon, shown Table 

Apparently, flexibility the nylon chain leads 
entanglement with adjacent chains, which contributes 
viscosity. has also been observed 
forming polyethylene terephthalate must 
stantially higher molecular weight than required 
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for the aliphatic nylons resemble 
polyethylene terephthalate this respect. 

The stiffness the chain and “Da- 
cron” polyester fibers contributes their exceptional 


the interchain forces that also contribute this high 
resilience are not relaxed the 
fiber absorbs little moisture saturation), its 
properties are almost the same both the wet and 
dry state. This combination properties 
ethylene terephthalate fiber are exceedingly resistant 
mussing and will retain their fresh appearance 

summarize, melting point, spatial symmetry, 
chain stiffness are all major contributory factors 
termining whether the high polymer fiber, rub- 
ber, ora plastic. All synthetic polymers can placed 
one the following overlapping zones 

The rubber-like zone, which the forces be- 
tween the chains are weak and the chains themselves 
are flexible. the chains are sufficient length, 
the characteristic rubber-like state achieved. 

(2) The amorphous glass-like zone, 
the chains are less flexible the intermolecular 
forces are this zone occur many the 
plastics 

(3) The crystalline fiber-forming zone, which 
the regularity the chains permits crystallization 
along portions their length. this zone are 
polymers with weak interchain forces, 
ethylene, with strong hydrogen bonds, 
case 


Morphology 


Until recently, fiber research has had the objective 
finding suitable fiber-forming polymers and devel 
oping adequate manufacturing processes for conver- 
sion the polymer task has been 
such magnitude that little consideration has been 
given morphology variable fiber synthesis. 
have recognized the morphological 
fabrics made from spun staple and continuous 
filament yarns. Research now being 
ward varying the morphology filaments manipu 
lating the chemical structure 
polymer, the process for conversion fiber, and, 
finally, changes the fibers presently mar- 
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keted. 
tour, surface, and randomizing filaments yielding 
interesting results; and expected that the mor- 
phological changes will greatly extend the diversifica- 
tion fiber properties. 


Research the shape cross section, con- 


The Future 


The diversity characteristics the new fibers 
has greatly increased the latitude the textile tech- 
nologist from the standpoint designing fabrics that 
will possess functionality and aesthetic properties for 
specific uses. The wide versatility fabrics result- 
ing from these new fibers certain have stimu- 
lating influence the entire textile 
tile research has revealed that 
greater versatility function and design may ob- 
tained blending the fibers with 
rayon, acetate, wool, and cotton, and has been dem- 
onstrated that the chemical fibers and the natural 
fibers are complementary each other 

While the one hand there will 
posts guide scientists the search for new fibers, 
will become increasingly difficult find new fibers 
outstanding merit. The future today’s fibers 
will greatly dependent upon the skill and ingenuity 
the textile industry designing fabrics utilize 
their distinctive properties the most man- 
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Intensive research new dyes, new methods 
dyeing, elimination static electricity 
and, finally, the influence different kinds cloth- 
ing physiological reactions must carried out 


ner. 


support this new industry, which there much 
confidence and enthusiasm the present 
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The Development Terylene 


Whinfield* 


paper gives more less factual account 
the development Britain the synthetic fiber 
known “Terylene.” This polyester fiber de- 
rived from polyethylene terephthalate, 
tion polymer resulting from polyesterification 
ethylene glycol with terephthalic acid. 
covered textile research laboratory 


was dis- 


shire similar fiber now manufactured 
the United States under the name “Dacron.” 

The word “development” danger becoming 
overworked these its dictionary 
definitions, has come mean curious blend 
invention and business activity which somehow man- 
ages convert the mere knowledge things into 
practical use. The present paper concerned not 
only with development the above sense, but also 
some extent with the acquisition the knowledge 
which this process being applied. 

this basis will convenient divide the 
discussion into three parts which roughly cover three 
discovered this the phase the laboratory. The 
second part discusses some the considerations 
which led the exploitation this discovery 
commercial this the phase the pilot plants 
brief indication given what involved this 
exploitation; this the phase large-scale manu- 
facture. 


The Discovery Terylene 


The discovery Terylene resulted from the work- 
ing out very simple idea, and the idea itself was 
largely derived from study the work the late 
Dr. 

1930 Carothers had established the fact 
that the ordinary condensation reactions organic 
chemistry could used synthesize 
mers high molecular weight. example 
this procedure provided the reaction between 
adipic acid and ethylene glycol, which, heating 
under the appropriate conditions, gives 

Terylene Council, Imperial Chemical Industries Limited, 
Welwyn, Hertfordshire, England. 


containing the structural unit 


When the molecular weight this polyester low, 
However, when 
the molecular weight exceeds about 10,000, becomes 


brittle microcrystalline wax. 


hard and horny and the melt very 
rothers made the remarkable observation 
touching the melt with rod and drawing the rod 
away filament obtained, which when gently pulled 
extends about four times its original length and 
then very strong and pliable. this latter process 
Carothers gave the name 
showed that the effect cold-drawing orientate 
the molecular chains and crystallites direction 
parallel the long axis the resulting fiber. 

The production these and fiber- 
forming condensation polymers was found 
general phenomenon, and not confined polyesters, 
always provided that the molecular chains possess 
certain symmetry. this symmetry was disturbed 
either the presence bulky side-groups 
starting with materials which themselves were un- 
the resulting polymers were 
line and would not yield fibers. Thus, the polyester 
proved amorphous glasslike substance, and 
this must ascribed the fact that the molecule 
o-phthalic acid itself very unsymmetrical, that 
the derived polyester chains either cannot straight 
ened out or, they can, remain 

However, none the microcrystalline fiber-form- 
ing polyesters obtained Carothers from aliphatic 
acids and alcohols were any practical value for the 
simple reason that they all possessed extremely low 
melting points (helow therefore turned 
his attention the analagous polyamides, 
found these have much higher melting points 
(above was this fact that ultimately led 
the production the first synthetic fiber 
polyamide now known “nylon.” 

Shortly afterwards, 1940, Dickson and the 
author, while working the laboratories 
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Calico Printers’ Association Ltd., Lancashire, seized 


ay 

289 

j 

& 


290 


upon the question the relation between crystallinity 
and molecular symmetry condensation polymers 
one which merited further study. 
struck the 
isomerism. 


were soon 


Consider, for example, the very simple case the 
three benzene dicarboxylic acids. glance the 
structural formulas these acids sufficient show 
that the matter symmetry terephthalic acid 


stands apart from the other two. 


COOH 
COOH 


has highly 


COOH COOH 


COOH 
COOH 
acid 


acid isophthalic acid 


structure, whereas both ortho-phthalic 


was already known that the glycol 
ortho-phthalic acid were amorphous was reason- 
able expectation that those terephthalic acid would 
crystalline, and hence fiber-forming. 

There further point notice about terephthalic 
acid comparison with the aliphatic dibasic acids. 
The skeleton adipic acid, for example, consists 
six carbon atoms which have very considerable 
freedom movement through rotation 
bonds. 
assume almost endless variety configurations. 


The molecule this acid can therefore 


But the case terephthalic acid the situation 
very different; the molecule has six carbon atoms 
and one which might described very sound 
consider 
the glycol polyesters adipic acid and tereph- 


piece molecular engineering. 


thalic acid, must expect them show some 
quite striking differences character because the 
the acid segment the one 
rigidity this segment the 

Research directed knowledge, but en- 
Knowl- 
edge suggested that polyethylene terephthalate would 


livened element unexpectedness. 


Knowledge 
also suggested that some other respect would 
differ from the aliphatic polyesters, but provided 
real clue what the nature this difference would 
be. This could settled only actual experiment. 

The result the experiment was confirm our 
expectations regard the fiber-forming propensi- 
ties the polyester and reveal once its special 
character. This proved high melting point. 
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Polyethylene terephthalate has melting point near 
204°C; that ethylene adipate 57°C. 
stance. very sparingly soluble 
without melting about 300°C. 


some initial experimental difficulties, 


This occasioned 


Purification 
the acid was effected via the dimethyl ester, crystal- 
line this ester was itself used the poly- 
merization reaction place the free acid. 
peculiarities the polyester were ex- 
ample, rapid cooling the melt yielded the polyester 
amorphous form—a glass-clear solid—which 
heating reverted the microcrystalline state. The 
fibers themselves were found resist hydrolysis— 


overcoming these were soon found. 


Several 


another rather unexpected property. 

perhaps unnecessary say that the work did 
not come end with the discovery polyethylene 
terephthalate. was quickly extended other gly- 
col esters terephthalic acid and other aromatic 
fluence such acids melting point was found 
quite general, and has since been studied great de- 
fact—the simplest case all was provided poly- 
ethylene terephthalate, and was this polyester, 
produced substantially the way that was prepared 
the first time, that later came developed 
commercial None the many possible al- 
ternatives could compete with it. 


Pilot Plants and the Evaluation 
Their Products 


This was the situation existed the middle 
1941: Polyethylene terephthalate 
pared the 500-g. scale direct esterification us- 
ing the free acid and ester interchange starting 
with dimethyl terephthalate. the polymer was 
free from color, the use very pure reactants 
was clearly essential. the simplest techniques, 
such were used Carothers his early work, 
crude fibers had been drawn from the viscous molten 
polymer, and these could oriented subsequent 
cold-drawing. These fibers seemed very strong 
and extensible, although actual measurements 
these properties had been made. The three physical 
states which the polymer 
amorphous; crystalline with random crystallite ori- 
and with high orientation 
single direction—had been clearly delineated. The 
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fibers were shown have low moisture regain, and 
undergo appreciable swelling water, that 
dyeing was evidently going present some problems. 
But, apart from all the above observations, these 
had christened them—dis- 
played two properties, both which were quite 
outstanding interest, and both which were also 
somewhat unexpected character. 

the first place, they were very resistant hy- 
drolysis, whether catalyzed hydrogen 
ions. Had this not been so—and might well not 
have been, considering that the chains were 
gether recurrent ester linkages—the fibers would 
have been completely the second place, 
they had high melting point—in the region 260°C 
—which was well within the range the aliphatic 
polyamides typified This was the prop- 
erty more than any other which distinguished Teryl- 
ene from all known polyester fibers. was, indeed 
this powerful combination chemical 
stability that carried Terylene forward the 
laboratory the next phase. 

perhaps historical interest record that 
publication the relevant patent specifications was 
delayed account the war, and serious con- 
sideration could given the further development 
Terylene the time its discovery. was not 
until peace had been restored that the matter could 
taken once more. 

very important observe that terephthalic 
acid, the residues which represent over 80% 
the Terylene molecule, was anything but common 
chemical substance 1941; the contrary, was 
little more than laboratory therefore, 
there was any thought manufacturing Teryl- 
thesis terephthalic acid would have worked 
out. This was scarcely task that any section the 
textile industry was equipped 
this reason, for other, commercial exploitation 
had necessarily pass from the textile the chemi- 
cal industry. pursuance this, 1947 the Calico 
Printers’ Association Limited, whose laboratories 
the original work had carried out, entered into 
suitable arangement with Imperial Chemical In- 
dustries Limited, and from that time all further 
development Terylene Britain became the re- 
sponsibility the latter company. 

the outset this new phase answers had 
sought large number questions. Among these, 


four were paramount importance. They were 
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follows: Could commercial synthesis tereph- 
thalic acid Could the production 
the large scale satisfactorily con- 
Could workable process found for 
the conversion polymer into yarn 
Were the properties the resulting yarns and fibers 
such that these would find market the textile in- 
dustry the price which they could produced 
and 

The answers these four questions, which have 
since emerged, are discussed below. 

(1) Synthesis terephthalic fact that 
this acid had never before been produced large 
scale merely meant that important use for had 
been found and that demand for 
from the start there was good reason think that 
this acid would prove commercially accessible. 

The most promising route date, and the one 
which now being used, based 
which oxidation with nitric acid yields terephthalic 
acid 

CH; COOH 


COOH 


para-xylene terephthalic acid 


There are two sources coal 
tar and petroleum oils. these, the latter 
more attractive. Recent advances petroleum tech 
nology, and more especially the process 
forming,” have made available concentrates rich 
aromatics from which para-xylene can crystal 
lized out refrigeration, and the yield this sub- 
stance further increased subsequent isomerization. 
Although enormous amount detailed work was 
necessary all stages, soon became apparent that 
sufficient para-xylene would available for the manu 
facture many millions pounds Terylene, and 
that its conversion terephthalic acid would offer 
serious obstacle. 

The second and minor component Terylene 
ethylene glycol—was already commercial produc- 
tion, and difficulty was foreseen stepping 
this production meet the new demand created 
Terylene. 

Thus, the vital matter the supply raw ma- 
terials, sound position was eventually established, 
but, with the long-term future mind, alternative 
routes these raw materials remain under constant 
review. 
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(2) The production 
sation polymerization reaction leading polyethylene 
terephthalate presents some peculiarities. The trans- 
lation this reaction from the scale one 
several hundreds pounds was, itself, something 
achievement. was found preferable start 
with dimethyl terephthalate rather than with the 
free acid, not only because the ester could 
obtained more readily high state purity, but 
for other reasons process this kind 
side reactions must avoided all costs, since 
these could, and generally do, have 
able consequences. The only obvious side reaction 
which might occur the preparation Terylene 
glycol molecules, resulting polyethylene glycols 
the type 


which, becoming incorporated the polymer chain, 
tend destroy crystallinity and lower the melting 
Fortunately, did not prove difficult avoid 
this reaction. The problems remaining were ob- 
tain the starting materials state high purity, 
prevent any decomposition during the course 
polymerization, and control the average molecular 
weight the resulting polymer within comparatively 
fine limits. These are not any way exceptional 
problems, and perhaps only necessary say 
that all have yielded intensive study 
work. 

(3) Conversion polymer yarn 
Having reached assurance the question the 
polymer, there was then the question converting 
this yarn fiber. Since Terylene very in- 
soluble substance, was quite clear from the start 
that this conversion would have achieved 
spinning from the the melt-spin- 
ning process had already been established for nylon, 
and seemed very probable that this could modi- 
fied and adapted accommodate Terylene, more es- 
pecially since one would operating within similar 
temperature range. This hope proved well founded, 
although here again great deal detailed work was 
necessary. From the point view general in- 
terest sufficient say that the conversion both 
nylon and Terylene polymer into yarn and fiber 
achieved similar processes, except that the 
latter case heat applied the drawing stage. This 
application heat not merely matter ex- 
pediency, but closely related the fact that the 
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transition temperature Terylene (approximately 
80°C) very much higher than that nylon (ap- 
proximately 40°C). The transition temperature 
marks the point which some freedom molecu- 
lar movement first becomes the case 
nylon the heat generated drawing sufficient 
bring the fiber above the transition point, but the 
case Terylene this not so, and external source 
heat necessary. 

(4) The properties and uses Terylene yarn and 
pilot plants, which had been erected, had 
produce substantial quantities yarn 
studies were necessary order deter- 
mine, only first approximation, the prices 
which the yarn fiber could manufactured and 
sold 

soon material began come forward from 
these pilot plants, was possible make much 
more detailed examination the properties the 
yarn and fiber and later supply limited quantities 
these the textile industry used for those 
purposes for which they seemed best fitted. 

All this proved highly complex and lengthy 
undertaking, but other way was possible 
arrive rational decision whether not 
incur the heavy capital investment required for 
the building large-scale plants for the manufac- 
ture this fiber commercial scale. 

Without suggesting that Terylene not possessed 
some properties which would better without, 
that does not lack others which would its 
advantage, would fair say that throughout this 
phase the work turned out quite well as, and 
some respects better than, might have been ex- 
pected. other words, the early promise which 
showed the laboratory was fully maintained 
throughout the far more searching examination which 
had undergo. 

Some the most outstanding properties the 
yarns and fibers which then became established are 
discussed below. 

the spinning and drawing procedure 
adapted, tenacity could varied between the approxi- 
mate limits and grams per 
break ranged from below 10% above 30%, and 
was inversely related tenacity. Recovery from 
strains about was complete. Provided 
sufficiently high draw ratio was employed, the initial 
modulus the fibers was also high—about 170 grams 
per denier—and this respect they were rather 
sharply differentiated from nylon, the initial modulus 
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which very much fibers proved 
very tough, using this word its everyday con- 
text, and resistant abrasion. Their general chemi- 
cal inertness was fully confirmed, and addition they 
were found display very good measure re- 
had been 
foreseen, the dyeing these fibers presented num- 


sistance photochemical degradation. 


problems, and has since been 
much investigation. Only two classes dyes— 
dispersed colors and azoic colors—were found 
any practical value, but these provided 
range shades, and several interesting techniques for 
their application have since been worked out. 

The prediction the properties 
tures knowledge the properties the fibers 
which they are composed still its infaney, and 
any case never likely exact science. 
factors. very obvious and elementary illustration 
such factors furnished filament yarn and 
fibers, can produced both these forms. 
was connection with fabrics made from yarns 
composed Terylene staple fiber that one its 
most outstanding qualities emerged. This the 
quality resilience, which was found extremely 
high, and roughly comparable with that This 
quality resilience Terylene was unexpected 
any rate, could scarcely have been predicted 
Even today entirely satisfactory explanation for 
has been found. There is, however, doubt about 
its existence, and since resilience very highly 
prized property textile materials, the potential value 
and importance Terylene immensely enhanced 
its possession this property. 

Towards the end 1950 very wide exploration 
the field open Terylene textile yarn and 
fiber enabled decision reached the question 
large-scale commercial production. effort 
which had been made that time had involved 
the expenditure sum excess the equivalent 
million The decision reached was 
build plants for the annual output some 
pounds yarn and fiber, cost exceeding the 
equivalent million dollars. These plants are 
now the course construction, and will op- 
eration towards the end 1954. 

not without interest look the history 
While 


difficult estimate the actual cost the discovery 


this development terms 
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itself, may noted that this was made small 
textile laboratory which certainly required less than 
the equivalent $50,000 year maintain. 
take the discovery from the laboratory through the 
phase pilot plants and the their prod- 
ucts involved expenditure amounting more than 
hundred times this sum, while the capital investment 
required for commercial production represented 
multiplication the estimated discovery cost 
factor least This very high rate 
progression, and illustrates clearly the fact that while 
ideas and the acquisition new knowledge may 
cheap enough, the conversion these ideas and this 
knowledge practical use rather costly under- 
taking. 


Commercial Exploitation 


Commercial exploitation now going forward 
Britain with the erection plants produce an- 
nually million pounds Terylene filament and 
staple form. These plants will occupy site Wil- 
ton, Yorkshire, where all stages manufacture, start- 
ing with mixed xylenes and ending with the finished 
yarn and fiber, will carried through, and where 
supply the minor component, ethylene glycol, 
near hand. 

always difficult question decide the initial 
scale enterprise this There is, 
course, minimum dictated the fact that 
the cost manufacture first falls very rapidly 
with increase output. However, beyond certain 
point the fall becomes less marked, 
reaches stage where further increase has 
little effect cost. The pro- 
jected output the plants Wilton lies somewhat 
beyond this stage. 

has then consider the potential market, 
and here that really reliable would 
the utmost value. The best substitute for this un- 
obtainable piece equipment faith tempered 
This combination leads the view 
that the market open Terylene must eventually 
greatly exceed the capacity the first series plants, 
that serious consideration now being given 
their extension very considerable 
this lies the future. 

This history the development Terylene thus 
illustrates the successive steps which idea about 
synthetic fibers became translated into commercial 
reality. 
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Introduction 


Binary copolymers with equal almost equal 
molar proportions the two constituents have been 
found possess either regular (/) random 
alternation the two monomers: 


The first sequence favored the two interacting 
monomers have approximately the same but 
e-values opposite as, for instance, the 
copolymerization styrene and acrylonitrile stil- 
bene and maleic anhydride. Sequence 
ferred the O-values and e-values the two co- 
polymerizing components are similar magnitude 
and sign, such the 
been proposed call “ordered” “regular” 
equimolar copolymer, and “random” “dis- 
these two types have equal molecular weights (or 
average molecular weights), they can called 
mers” because they have the same (average) molecu- 
lar weight and the same chemical composition and 
differ only respect the details the arrangement 
the two monomeric units the chain, Essential 
both cases that the alternations between and 
are frequent and, consequence, occur over the 
range few Angstrom units. the distance 
between monomers the same kind strictly regu- 
lar, and amounts polyvinyl derivatives about 
tween zero and several units, but has 
been demonstrated that the probability find- 
ing longer stretch either decreases rapidly 
with the length the stretch. 

The blending the two constituents and 
very intimate, and “crossing over” from 


Director, Institute Polymer Research, Polytechnic 

the fundamentals copolymerization compare [1] 
and [2]. 


The Synthesis and Applicability 
Block and Graft Copolymers 
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from takes place micromolecular scale. 
consequence, certain properties such normal 
copolymers have been found essentially ap- 
proximate average the corresponding properties 
the two components. for example, 
compatible monomer, such styrene isobutene, 
alcohol vinylpyrrolidone, poly-A soluble ben- 
zene and poly-B water, whereas copolymers 
polar and nonpolar solvents, such acetone and 
benzene, solvents intermediate polarity, such 
dioxane carbon tetrachloride. 

The question now arises whether there exist other 
isomers copoly-AB 


namely, macromolecules which 
have the same molecular weight and equimolar com- 
position, but differ the details the arrangement 
and along the length the chain. Evidently, 
one could, some manner, produce long alternat- 
ing stretches and such 


50B 50B 


one could call another macromolecular isomer 
copoly-AB, provided that its degree polymerization 
(D.P.) average degree polymerization the 
sent one new isomer, but whole spectrum them, 
even keep the molar ratio and the total 
D.P. constant, can still vary the length the 
the size these one monomer unit, the 
block copolymer becomes normal ordered 
the stretches D.P., arrive macromolecule 
which half poly-A and half poly-B. evident 
that block copolymers few very large blocks will 
eventually display similar properties mechanical 

This name was proposed Dr. Tuckett the 
lecture the Gordon Research Conference 
Textiles 1952. 


» 
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mixture poly-A such mixtures such variables concentration, temperature, 
called shall, this brief review, dielectric character the 
deal essentially with block copolymers having alter- the case amphoteric block and graft copoly- 
nating stretches and the order magni- the molecules themselves are the 
tude about 50. want large micelles, will synthesize large co- 
admit branching the polymers under polymer molecules; want small micelles, 
and which also can considered iso- choice made, the size the solubilizing and 
with (relatively) small number “branches” quence that graft and block copolymers the 
poly-B, provided that the molar ratio remarkably stable emulsions 
1:1 and that the total D.P. the molecules equal pensions. 
graft copolymer styrene and vinyl con- 
soluble water and also toluene. water, the 
polystyrene segments are evidently insoluble 
which would associate with other particles the 
SOA SOA same kind and would eventually precipitate out 


polystyrene. This, however, does not occur 
Macromolecules - this type have been called case of a graft or block copolymer because the insolu- 
copolymers terms they rep- polystyrene stretches are chemically linked (and, 
single isomer, but again whole hence, permanently the easily water-soluble poly- 
trum them, because one can vary the average dis- vinyl branches. These are strongly 
tance and average length the branches without 


solvated water and keep the insoluble part the 
changing the 1:1 molar ratio and the total D.P. 


coarser mixture between and than ordered oil-compatible polystyrene domains the dispersed 


normal the individual copolymer molecules, and observe, the case 


quences and already display certain de- detergent, the phenomenon 
gree some the characteristics poly-A and poly-B, 
and, consequence, certain properties and 
will superposition the properties poly-A 
and poly-B rather than average. This has, 


fact, been found true. typically oil- 


solubilization benzene water. 


the same copolymer placed the 
reverse happens—namely, the segments 
alcohol collapse each other and form densely 


packed insoluble core which would 


compatible and typically water-soluble monomer, cipitate solid (slightly swollen) phase were 


equimolar block and graft copolymers the two for the chemically attached polystyrene stretches, 


ponents are surface-active materials which are easily oil-soluble and keep the macromole- 


interesting behavior emulsifiers, detergents, anti- 


cule solution. this situation, the graft copoly- 
static agents and protective colloids. They resemble displays marked capacity solubilize water 
molecules ordinary polar liquids the hydrocarbon phase. 


which also consist of hydre | Ihilic and hydre phobic do- Using a somewhat oversimplify ing language, one 
mains tied together chemically one molecule. say that each the two solvents—water and 


well known that low-molecular-weight only “half” the graft copolymer 


have tendency form micelles, which are respon- whereas the other “precipitated.” 
sible for their solubilizing and emulsifying capacity. However, liquid which solvent for polyvinyl 


These micelles are relatively transient systems, which (such mixture tolu- 


change size, shape, and degree consolidation ene, dimethylformamide, and water) part the 


ae 
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trunk chain and the branches) are solvated and the 
whole graft copolymer Intrinsic vis- 
cosity and dissymmetry measurements 
support this concept. 

The nondissolved fractions graft block co- 
polymer have, the principle Gibbs, 
certain tendency arrange themselves and, hence, 
the whole macromolecule the surface the phase 
with which they are incompatible, and have 
interface that one half the molecule soluble 
one phase and the other half the other phase. 
The graft copolymers styrene and vinyl are 
concentrated benzene-water interface. sur- 
face activity also manifests itself polymer solutions 
and even gels, and leads number potential ap- 
plications such materials the surface treatment 
fibers and films order produce 
water-repellency and reduce mechanical friction 
static this brief enumeration few 
typical properties graft and block copolymers, 
shall now pass equally brief description the 
principles their synthesis. 


Synthesis Graft Copolymers 


The first copolymers having longer stretches the 
monomeric constituents were the grafted type, and 
may therefore appropriate start with de- 
the various ways prepare them. 

One method, although not very good one, uses 
the principle chain transfer consists simply 
taking polymer (poly-A), such polystyrene 
polyisobutene, dissolving suitable solvent, such 
benzene, and polymerizing the presence the 
macromolecules this polymer 
(B), such vinylacetate, with the aid 
forming Under these conditions, the free 
radicals formed the decomposition the initiator 
not only react with the monomer produce poly-B, 
but also abstract certain atoms, such Cl, and 
Br, from the macromolecules poly-A and hereby 
create unpaired electrons somewhere along the length 
the chains the first polymer. These free radi- 
cals initiate polymerization the second monomer 
and, consequence, grow branches out the 
trunk chain poly-A. 

This method has been applied several authors 
its success depends the frequency the 
chain-transfer step compared with the propagation 
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step general, this ratio 
not favorable for the transfer reaction and, hence, the 
stituents range from pure poly-B, which forms 
competition the grafting process, pure poly-A, 
formed macromolecules the first polymer which 
were not attacked free-radical type fragments 
the initiator and did not, therefore, partake 
branching reaction. Between these extremes extends 
virtually continuous spectrum macromolecules 
intermediate compositions. 

possible that for certain practical applications 
the nonuniformity the graft copolymer serious 
advantage.* But for quantitative study the 
kinetics grafting and the structural details the 
branched copolymer molecules, clean fractionation 
the reaction products appear 
indispensable. copolymers prepared the 
chain-transfer method have not responded favorably 
any process separation, and attention there- 
fore shifting more and more other principles for 
their synthesis. 

One them distribute suitable manner 
along the length given polymer 
spaced reactive groups which can serve initiate 
second polymerization reaction. essential factor 
here that the initiation B-polymerization occurs 
only the surface poly-A and nowhere else the 
system. This eliminates the formation poly-B 
independent and undesirable by-product the re- 
action. few examples illustrate the practical 
application this 

(a) Polystyrene solution capable taking 
oxygen similar manner cumene, and forms 
hydroperoxyl groups the formula 


carrying the oxidation small degrees mol 
percent OOH the monomer) possible 


Styrenated drying oils and alkyds are systems which 
certain degree graft copolymerization monomer 
(styrene) with polymer (alkyd) has taken place. 

Compare Mesrobian, lecture given the American 
Chemical Society meeting City, Sept. 1952, 


and results obtained since the Polytechnic Institute 


Brooklyn. 


ar 


QO 
(V) 
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distribute the groups essentially 
random fashion with relatively large intervals 
100 units). this modification 
the primary polymer (poly-A) one adds the second 
monomer (monomer the solution together with 
redox activator, such ferrous gluconate. 
groups according 

and produce free radicals, which are all attached 
the chains consequence, the poly- 
merization restricted entirely the growth 
B-branches from poly-A trunk chains. competi- 
tive poly-B formed. 

prepared methylethyl ketone solvent containing 

the specific relative reactivity ratios 
styrene and vinylacetate, the monomeric units the 
acetate are isolated large distances 
(50-100 monostyrenes) along the length 
chains. Then the acetate hydrolyzed, producing 
widely spaced hydroxyl groups, which can serve 
initiate second polymerization reaction. Upon ad- 
dition ethylene oxide, glycidolacetate, butadiene 
branches the second monomer grow exclu- 
sively the original backbone chain and competi- 
tive poly-B formed. 

Widely spaced hydroxyl groups can also pro- 
duced reducing the groups, men- 
tioned under (a), reducing widely spaced 
carboxyl groups with the aid lithium-aluminum 

can easily seen that the principle distribut- 
ing widely spaced reactive groups along the length 
polymer chain and using them initiate second 
polymerization reaction can applied many other 
ways. 
fumarylehloride, vinylbromide leads the intro- 
duction such groups desired distances, 
ting the initiation polyamide-type chain forma- 
tion for the production 
seems that groups such hydroxyl, 
manner grow suitable branches out 
chain. 

Several graft copolymers have ben 
cording methods and grafting viny! 
alcohol and ethylene oxide they ex- 
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hibited typical surface-active behavior, indicated 
the first paragraph this paper. 


Synthesis Block Copolymers 


The methods applied the synthesis graft co- 
polymers make readily understandable how pro- 
ceed order obtain block 
ently will again necessary carry out the syn 
thesis more than one step, and prepare first the 
individual blocks such manner that they have 
reactive groups both the blocks have 
been prepared separately, they are joined together 
suitable bifunctional linking agent. This gen- 
eral principle can put work many different 
ways, few which already have been actually used 
for the preparation block 
copolymers. 

(a) propylene oxide polymerized with pro- 
glycol initiator, one obtains macromolecules 
with hydroxyl groups both ends. Chemists the 
Wyandotte Chemicals Corp.* have 
propyleneoxides this type with between 
and 80, and have then continued the reaction both 
ends with ethylene result they obtained 
macromolecules the formula 


(V/) 


where and are figures between and which 
can varied the conditions prevailing during the 
synthesis the material. These compounds are 
the market and exhibit many valuable 
and novel characteristics nonionic they 
are block copolymers with center block polypro 
pylene oxide and two polyethylene 

appears that similar linear macromolecules con 
sisting three blocks can obtained 
with bifunctional initiator the polymerization 
given alpha-amino acid-carboxy anhydride until 
center block certain formed, and then 
continuing either with epoxide with another 
Leuchs anhydride add the two end blocks. 
interesting see whether possible add more 
blocks returning the material the center block 
expected that, with increasing molecular 
weight the chain and with decreasing solubility, 

*Compare the technical information sheets and booklets 


(Form 437-9-52). 
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the rate the addition more blocks will decrease 
sharply and limit this technique certain practi- 
cally attainable number the individual 
blocks. 

(b) and his collaborators have shown 
that one polymerizes styrene low temperatures 
with and FeSO, the initiating system, initia- 
tion the chains due radical and termi- 
nation occurs recombination. consequence, 
the resulting linear polystyrene molecules have hy- 
droxyl group each end. choosing the appro- 
priate concentrations monomer, catalyst, and acti- 
vator possible arrive the desired relatively 
low (20-80) the polystyrene blocks. the 
with hydroxyl groups both ends can pre- 
pared. These blocks can then 
with diisocyanate form linear block copolymers 
consisting many blocks and, hence, having molecu- 
lar weights the truly high-polymer range 

Again can seen that other reactive groups 
the end the individual blocks, such NH., 


three essentials life—food, shelter, and clothing— 
has thus far been rather puny. are still eating 
steaks, those who can afford them, which are 
produced and prepared the same methods em- 
ployed our ancestors hundreds years 
day, course, often buy them 
venience based chemical and physical principles— 
but they are still the same old proteins after thaw 
them out. still build houses wood, brick, stone, 
cement block. Only the last may considered 
remote product chemistry, and modern insulating 
materials constitute the only major contribution 
science the construction modern 
dwelling. the field clothing, our 1950 
textile consumption was still cotton, was wool, 
and was silk. But 20% our 


Director, Textile Research Institute, Princeton, 


Current Problems and Future Trends 
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John 
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MgBr, might used link the blocks together 
long linear chain. 

present many attempts this type are under 
way various laboratories, and can look forward 
with considerable interest the results the near 
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terials were made viscose and acetate rayon, 
the extent 2%. 
what larger today, and will continue increase. 


This latter figure 


Hence, consider only the replacement natural 
materials the synthetics basic elements con- 
struction, the textile industry the most advanced 
the “big dedicated supplying the basic 
wants. must acknowledged, course, that 
enormous chemical progress has been made 
fields transportation, communication, amusement, 
medicine, and warfare; perhaps these should now 
included among the elementary needs mankind. 


The Advanced Textile Industry 


peated statements that the textile industry “back- 
This simply not true—the textile industry, 


| 


May, 1953 


from the standpoint accomplishment functional 
and artistic results its products, truly advanced. 
This not say that scientific research, now 
define it, has played much part this advance- 
ment. Indeed, only recent years has research 
made visible imprint this great industry, and 
only small segment the industry understands that 
the days art and invention are the wane and 
that basic science must now called upon and sup- 
ported. the other hand, any objective scientist 
who concerns himself seriously with textile problems 
can only conclude, most humbly, that many great 
minds, without formal scientific training, can accom- 
plish wonderful things over long period 


Principles Fiber Survival 


hear great deal these days about the 
only those who are marketing them who 
are involved wars words. Any fiber must meet 
the three basic requirements—availability, reasonable 
price, and superior properties for least one impor- 
tant application—if survive. Silk fell the 
tion which made unavailable reasonable price. 
Then, with the development nylon, with its good 
properties the important women’s hosiery field, silk 
faded position minor consumption luxury 
fabrics. Silk still excellent fiber, but costs 
over $4.00 per pound, against $1.70 for 
trapolation the sad history silk the futures 
wool and cotton hardly seems justified the light 
our present knowledge, although the attenuation 
raw wool production this country must consid- 
ered long-range disturbing factor for that fiber. 


Difficulties Facing the Synthetic Fiber Chemist 


quite natural for chemist who unacquainted 
with the details textile technology predict that 
synthetic fibers will soon largely replace wool and 
cotton apparel fabrics all, the march 
synthetic substitutes upon natural materials just 
matter history. But this generalization must not 
applied too broadly the basic materials the 
textile industry. Why? 

First all, the relationship between the properties 
the high-polymer molecule fiber and those 
the finished fabric very tenuous. much more 
complicated, for example, than would true for 
vinyl polymer employed transparent raincoat 
material. fact, proper choice yarn and fabric 


construction and use chemical and physical fin- 
ishing tricks, the chemical nature the fiber can 
sometimes almost completely ignored regards 
the properties the finished fabric. Furthermore, 
there are certain subjective qualities, such hand 
and drape, that must met apparel fabric 
Hence, 
not simple matter establish what properties 


which thus far defy quantitative 


fiber should have order give fabrics 
with predetermined characteristics. 

processable with existing textile machinery which 
has been developed over period centuries for use 
with the fibers. The investment 


natural 


chinery for given mill very great and major 


changes cannot made overnight, matter how 
promising the new fiber that requires these modifica- 
tions may be. 

Thirdly, the old fibers have some amazingly good 
properties which are hard achieve synthetic 
fiber reasonable price. There every reason 
expect, moreover, that the principal natural fibers 
will not rest their laurels, for there 
increasing tendency apply them the elixir 
research. This has already resulted important im- 
provements their properties without 
creases cost. the synthetic fibers face 
constantly improving set natural competitors, some 
which can produced prices that are below the 
raw materials costs the acrylic and polyester fibers. 

general, then, when the chemist asks the textile 
industry what wants the way fiber properties 
and costs, may get some learned answers, but, 
after goes work, often finds 
answers are incomplete, and 
misleading. decides that will have find 
out for himself what the industry needs, and this 
costly time and money. After his laboratory and 
pilot-plant ordeals, finds that must back 
the textile industry try out his creation full- 
scale Finally, must submit his product 
the fickle consumer who wields the stick” 
which decides between the success and failure the 
fiber 


Purposes and Limitations This Paper 


the purpose this paper discuss the weak- 
nesses the man-made fibers rather than their mani- 
fold advantages, which have been often lauded. 
this critical analysis, however, due recognition will 
given the remarkable progress which al- 
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ready been made removing minimizing their 
deficiencies. This approach, hoped, will con- 
structive well objective, and thus may justify 
certain conservative prognostications. 

Since the fiber field extremely broad, the present 
discussion will confined, much possible, 
Occasionally will necessary digress into the 
fields industrial fabrics—tire cord, filtration fab- 
rics, felts, fiber which may find its sole 
application today industrial fabric cord 
may just “trying its wings” before flight the 
more glamorous world clothing and decoration. 


Continuous-Filament versus Staple-Fiber 
Products 


There are two distinct phases fiber physics and 
chemistry—that devoted the continuous filament 
silk, and that devoted staple fiber wool 
and cotton. They are both very important, but quite 
far the greatest encroachment upon the 
domain the natural fibers has been made continu- 
ous-filament viscose rayon and acetate. one re- 
sult, silk (the only natural continuous-filament fiber 
practically out the textile picture. However, 
continuous-filament high-tenacity viscose rayon has 
replaced, qualitywise and costwise, good-quality cot- 
ton staple fiber) tire cords. 

The greatest research activity present the 
field the staple fibers. first thought, seems 
bit foolish produce continuous-fila- 
ment material and then break into one- four- 
inch lengths. However, long the consuming 
public demands suiting materials which are warm and 
“wooly” appearance and feel, pillow cases from 
which their heads not slide during sleep, the de- 
velopment synthetic staple fibers will continue 
tremendously important Staple fibers must 
meet several requirements beyond those applying 
continuous-filament For example, staple fiber 
generally must crimped some manner, 
character its surface important determining 
its behavior and the nature the 
yarns made from it. The bulking power staple 
fiber depends somewhat its gravity but 
also strongly the shape the fiber cross section. 


General Problems Applying Any 
Man-Made Fiber 
have already set forth the requirements for 
success any fiber 


availability, 
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and superior properties for least one important ap- 
plication. Suppose now, while keeping the first two 
requirements firmly mind, consider the third 
tabulating and discussing very briefly the general 
problems involved developing any man-made fiber. 
The problems which relate directly the fiber itself 
and the yarn are concerned with uniformity, strength, 
extensibility, resilience, moisture absorption, dye- 
ability, chemical stability, and surface characteristics. 
The problems which manifest themselves most often 
the fabric are concerned with mechanical stability, 
soiling, ironing range, local melting, flammability, 
pilling, wicking, abrasion, 
wrinkle-resistance, crease-retention, and tactile quali- 
ties. This list far from complete, any experi- 
technologist will testify, and refers 
lems. 


Fiber and Yarn Problems 


There are still few chemists who will say with 
straight face that any synthetic product will, course, 
perfectly uniform—certainly much more uniform 
than the corresponding natural product. Such ideal- 
ism commendable, but let the practical chemist be- 
ware when attempts turn out this paragon 
uniformity synthetic fiber, particularly one the 
staple variety. probably true that given auto- 
clave supplying single spinning unit can deliver 
more uniform product than sheep can. But take 
several autoclaves and several spinning units and 
then impose the tow-breaking and crimping opera- 
tions upon the already complex set chemical 
course, sheep are not given chuckling—they only 
say but sometimes this 
like remarks made chemists when they survey the 
test data their fibers. 


Strength, Extensibility, and Resilience 


Strength, extensibility, and resilience are all ele- 
ments the complicated matrix mechanical per- 
formance which last getting the concentrated at- 
tention chemists and physicists 
high tenacity, particularly under “wet conditions,” 
has undoubtedly been overplayed, but great harm 
has been done for relatively easy synthetic 
fiber back” tenacity order obtain the 
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most encouraging find many chemists who under- 
stand that the initial stress-strain curve for 
has relatively little significance regard actual 
processing and product they now insist 
data obtained from repeated cycling studies order 
learn what the fiber rather than what was 
also interesting find that the policy few 
ago matching the stress-strain curve 
natural fiber gradually changing into tendency 
produce fiber with the “desired prop- 
erties,” which may not necessarily those any 
particular natural fiber. 


Moisture Absorption 


will require many years difficult and expensive 
physical, physiological, research 
learn just how important moisture 
for fiber intended for use apparel fabrics. This 
certainly the sixty-four million dollar question for 
the synthetic fiber producing industry, for moisture 
absorption the one quality which has been difficult 
achieve the newer synthetics sacrifice 
their remarkable properties wrinkle-resistance 
and However, even though finally 
develops that reasonable amount moisture ab- 
sorption desirable, the hydrophobic synthetics must 
not counted out, for there always the possibility 
blending hydrophobics with hydrophilics, natural 
synthetic. Recognizing this possible solution 
the problem, would seem that those who are at- 
tempting develop fibers with moderate moisture 
absorption but marginal mechanical properties should 
proceed with care. 


Dyeability intimately associated with moisture 
absorption. However, must not assumed that 
dyeing hydrophobic fiber will always the 
cult problem that must remembered 
that entirely different type dyeing and whole 
new set dyes had developed for acetate rayon, 
which occupies moisture absorption position mid- 
way between the hydrophilic and hydrophobic fibers. 
The problem dyeing fiber just matter 
opening structure swelling, diffusing the 
coloring molecule molecules into that structure, 
reacting the coloring molecules with certain chemi- 
cal sites entrapping them physically within the net- 
work, and, finally, holding them there chemical 


physical means. the case vat dyes, chemical 
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reaction goes within the fiber produce the color, 
situ. Without departing from these old principles, 
already great strides have been made toward solving 
the dyeing problems introduced the hydrophobic 
fibers. For example, high-temperature dyeing tech- 
niques have shown considerable promise, and one 
major has introduced 
acetate upon the market. “Dope dyeing,” which 
simply the introduction the colorant into the spin- 
ning solution, not new concept, but now offers 
real advantages for difficult-to-dye fibers blended 
various proportions yarn. Nevertheless, must 
acknowledged that the dyeing problem for the hy- 
drophobies, not blends the hydro- 
with hydrophilics, major headache and 
will continue for some time. 


Chemical Stability 


The chemical stability textile fibers broad 
subject for involves not only simple 
actions with liquids and gases but also those catalyzed 
light. Some the newer synthetics—Saran, for 
Others are acid- and alkali-resistant high degree. 
Some pieces rather badly outdoor weathering, 
while others—notably, Orlon—are exceptionally good 
this respect. Obviously, the synthetics can de- 
signed specificially withstand various chemical en- 
vironments, and highly improbable that any one 
fiber will developed which will good under all 
chemical 


Surface Characteristics 


The attainment suitable surface characteristics 
has been problem from the early days viscose 
rayon, when was found necessary incorporate 
pigment such titanium dioxide reduce luster. 
Aside from appearance, the fiber surface important 
relates fiber slippage staple yarn 
and possibly the related pilling man- 
made fiber has yet been developed which will felt 
full like wool, and seems unlikely that wool-type 
scales will reproduced the man-made fibers 
any the processes employed thus 
sible substitute tight weaves for the fulling opera- 
tion and obtain fabrics that are roughly similar 
those produced the old process. Furthermore, 
blending wool with smooth-surfaced synthetic fiber 
will permit certain amount fulling, but does 
not appear that any the man-made fibers has much 
future nonwoven felts. 
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Fabric Problems 
Mechanical Stability 


The problem obtaining mechanical stability 
ability maintain dimensions under 
varying conditions temperature, humidity, and dis- 
tortion—has been with for long time. Tightly 
woven cotton fabrics are stabilized very effectively 
the Sanforizing process, and there are various proc- 
esses which are employed reduce the felting shrink- 
age woolen knit There are any number 
resin finishes and cross-linking treatments for viscose 
rayon fabrics. approaching the stability problem 
with the hydrophobic fibers, however, temperature 
rather than moisture effects must 
general, these fabrics must “set” temperature 
higher than that which they will later experience. 


The problem soiling rather complex. Both the 
tendency soil and the ease soil removal must 
considered, and the two effects are not always simply 
related. While smooth fiber may 


easy clean under some circumstances, sometimes 


the reverse true. For example, nylon lace picks 


the flat graphite particles found such profusion 
lace mill and holds them fact, 
special water-soluble sizing had developed for 
nylon lace yarns which could washed off with the 
graphite soil after weaving the lace. 
effects with the hydrophobic fibers have proved very 
conducive soiling. Hence, the soiling and soil-re- 
moval problems are very important for the man-made 
fibers and deserve continuing attention. well 
point out also that every new fiber which appears 
clothing domestic fabrics introduces host prob- 
lems for the laundry dry cleaner. would 
relatively simple the new fiber were used alone, but 
the fact that most them now occur blends with 
natural fibers and other man-made fibers makes the 
and the dry lives interesting 
but often unhappy. Unfortunately, there seems 
little hope for these poor fellows since new fibers and 
combinations fibers are appearing with increasing 
frequency. 


Troning Range 


well known that some the man-made fibers, 
such acetate rayon and Dynel, have rather low 
softening points and must ironed relatively low 
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temperatures. Although some the hydrophobic 
synthetics are quite satisfactory this regard, 
interesting find that the effective ironing tempera- 
ture depends rather strongly upon fabric construc- 
tion and can increased substantially blending 
the offending synthetic with another material 
higher softening point. 


Local Melting 


Another problem introduced the thermoplastic 
types synthetic fibers their property melting 
form small hole garment upon which spark 
falls from pipe cigarette. Dynel, which 
does not support combustion, subject this 
some alleviation this defect can 
achieved developing fiber materials with higher 
melting temperatures, but there undoubtedly 
limit beyond which would not practical go. 
Quig and Dennison have shown that blending 
Dacron with wool viscose rayon solves the local 
fact, 
only 10% viscose rayon the blend seems 


melting problem the resulting fabrics. 
the job, definite progress being made. 


Flammability 


The flammability fabric depends not only upon 
the fiber used but also upon the fabric 
very dangerous, even when the fiber used slow- 
burning type such wool. Some man-made fibers 
not burn all—notably, glass, Saran, and Dynel. 
Most the newer hydrophobic fibers are flammable, 
however, and have nasty habit melting and then 
burning. Flammability will continue problem 
with these fibers, and again may prove necessary 
reduce the tendency burn blending with other 
fibers, although proper choice fabric construction 
and finish seem the most fruitful approaches 
Military needs for nonflammable fabrics 
are very great, course, and seems safe say 
that this will lead progress. 


Pilling 


Pilling another fabric difficulty which has been 
intensified with the introduction the newer syn- 
thetics. really not new problem, for pilling 
takes place some extent with wool 
rayon, but, because those fibers are much weaker 


than nylon, Dynel, and Dacron, the protruding fibers 
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break off before the balling pilling reaches 
serious stage. takes place also with cotton, 
particularly cotton gauze, not necessarily true 
that thermoplasticity high degree creep 
important factor Apparently some the 
for example—pill much 
less than others, and this has been attributed some 
surface roughness which would tend reduce 
fiber migration. However, others have concluded 
that this lower tendency pill exists result 
the lower tenacity some the staple fibers now 
the market. Obviously, less pilling will observed 
with heavier denier fiber longer staple, but 
this not comforting when fine short-staple fiber 
cult judge the progress being made solving the 
pilling problem, but appears from the few published 
data that relatively little has been accomplished 
blending with wool. 


desired for other good reasons. 


Static Electrification 


Static electricity not exactly new problem 
textile processing, and, under very dry conditions, 
static electricity has been known product prob- 
lem also. However, the hydrophobic synthetics are 
intrinsically better dielectric materials than the old 
fibers, and, because their low moisture absorption, 
they generate reasonably large quantities charge 
even high humidities. From the product angle, 
this static generation quite serious since results 
unsightly dust collection dark-colored fabrics under 
conditions wear and collection during 
laundry drying.’ There also the clinging effect 
dresses which results from static generation 
this provides entertainment for the opposite sex, but 
the women seem like it. The pyrotechnic 
display which sometimes with hydrophobic 
fiber blanket particularly effective and spectacular 
since occurs the dark, but consumers who fear 
electricity fireworks any form are less amused 
been made developing antistatic finishes, and some 
cleaning. However, they come off readily under con- 
ditions garment abrasion, and cannot always 
considered completely effective. Several attempts 
have been made blend the offending fibers with 
others which generate charges opposite sign, and 
has been stated that some success 
the present writing, however, may said that 
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the static problem still serious and that there 
need for intensive studies the principles tribo- 
electricity relates fibers. 


Wicking 


Wicking another the hydro- 
phobic simply matter surface wetting 
which results water penetrating rapidly through 
fabric although the fibers themselves practi- 
cally water. Wicking may beneficial 
case underclothing, but results unpleasant sensa- 
tions the wearer Dacron trousers who caught 
the True enough, his Dacron trousers will 
dry out quickly after comes indoors and there will 
loss crease, yet will have been uncom- 
fortable, much more than would have been 


modify wicking effects surface 


Abrasion 


The abrasion-resistance the fibers 
ranges from fair for the cellulosics outstanding for 
some the hydrophobics. Large improvements 
abrasion-resistance woolen and 
have been achieved blending moderate amounts 
nylon with wool, particularly 
yarns. This also results important reductions 
felting shrinkage. Hence, abrasion-resistance can 
hardly considered major problem the hydro- 
fibers, and seems possible that may find, 
the future, abrasion-resistance sacrificed order 


enhance other inversely related properties. 


Wrinkle-Resistance and Crease-Retention 


The hydrophobic fibers are outstanding their 
crease-retention apparel fabrics under moist con- 
ditions. Wool, course, quite satisfactory this 
respect, long dry, but blend wool with 
Dacron, Orlon, Dynel, Acrilan can generally 
made approach very closely the wrinkle and crease 
characteristics the corresponding 100% synthetic 
fabrics. the other end the man-made 
fibers, viscose rayon has very poor wrinkle-resistance 
and crease-retention, but may improved greatly 
resin and cross-linking treatments. The most re- 
cent these are said not produce loss strength 
and tear-resistance occurred with the earlier proc- 


esses. 


4 
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Tactile Qualities 


Pieasantness touch quality which varies 
greatly from fiber fiber, but also function 
the yarn and fabric constructions. Some the man- 
made fibers have unpleasant, clammy feel when 
used next the skin, while others give quite pleasant 
contact The use crimped staple largely 
reduces these unpleasant tactile qualities, this 
solution limited the spun-yarn fabrics, 
which are seldom worn next the skin. The effects 
moisture absorption and heat absorption also 
play roles the tactile drama, and seems that 
shall have wait until experiments the comfort 
qualities clothing yield more complete unambiguous 
information than now available before 
dict the tactile futures the various man-made fibers. 


Classification the Principal Man-Made Fibers 


Thus far, have enumerated and defined the 
technical problems which face the manufacturers 
man-made fibers. have also stressed the impor- 
tance economic factors and the between 
continuous-filament 
have further indicated that 
ranks importance with chemical structure deter- 
mining chemical and physical behavior. 
suppose classify the various man-made fibers, ac- 
cording their chemical natures, into four broad 
groups: inorganic fibers, protein 


fibers, and true synthetic fibers. 


now 


This classification 
excludes several specialty fibers, such those the 
alginate type. Furthermore, shall arbitrarily ig- 
nore the very new fibers which have not passed the 
pilot-plant stage and those which have had very lim- 
ited 
permit 


will 
evaluation the more important 


any event, 
groups and perhaps later cross-comparison among 


groups and thus look into the future. 


The Inorganic Fibers 


Glass 


Only one inorganic fiber important for this dis- 
cussion—the glass fiber, which marketed both 
exceed- 
ingly strong tension, having tenacity about 
reduced very little when the fiber immersed wa- 
ter. 


form. 


ruptures very low tensile strains (around 
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This 
characteristic was probably responsible for its poor 
and almost completely excludes 
very 
niques wherein pigment bonded the surface 
with resin, protein film applied the sur- 


surprising that very brittle bending. 


the tires made 
it, 


apparel applications. also 


face during manufacture which will take vat, di- 
rect, acid, chrome colors. 
most 


The glass fiber al- 
hydrophobic, although 


completely 


has good electrical properties, extensive 
alse truly flameproof, and thus excellent for drapery 
materials, particularly those used 
has chemical resistance many acids and solvents, 
and thus used extensively filter 
cause its great strength and good elasticity (it has 
material for plastics, 
coated fabrics are made various 
particular, has found military application 
armor and structural members for aircraft. 

The glass fiber have very limited applica- 
for apparel fabrics, but this should not very 
disturbing its manufacturers because the vast 
field industrial uses for which well adapted. 
not particularly high priced. Already glass tex- 
tile yarns rank fourth production and sales among 
the man-made fibers viscose rayon, acetate, 
and rapidly developing industrial require- 
ments suggest that the production curve for glass 
fibers will continue rise sharply. 


The Cellulosic Man-Made Fibers 


constitute about 
this country. 
The textile industry has had long experience with 


The cellulosic 


20% textile fiber consumption 


them, and they have now reached point good 
consumer acceptance many types fabrics. They 
occupy point great economic advantage that 
they are all based upon cellulose, and 
cheap raw material. They are supplied both con- 
tinuous-filament yarns with varying degrees orien- 
tation and staple form, but may considered under 
two broad classifications—regenerated cellulose types 
and cellulose derivative types. The regenerated cel- 
luloses include viscose rayon, rayon, 


and saponified acetate. Cellulose acetate the only 
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important member the derivative family, 
other derivative fibers have been found interesting 
for example, cellulose The original man- 
made fiber, cellulose nitrate, longer has textile ap- 
plications, for obvious 


Viscose Rayon 


Viscose rayon far the most important the 
regenerated cellulose distinetly hydro- 
philic, having moisture regain 13% standard 
dry conditions (65% R.H., textile 
dry and 0.7 1.2 many applica- 
tions, however, this range strengths adequate, 
although would highly desirable increase the 
wet strength order improve its mediocre launder- 
ing performance. The breaking extensibility ranges 
from 30% dry and from wet. 
For applications requiring higher strength, viscose 
supplied higher tenacities and lower extensibili- 
ties produced increasing the fiber orientation. 
About the total viscose rayon production 
1951 was the high-tenacity filament type, which 
went into tire cord and related 
viscose has dry tenacities ranging 4.6 
with corresponding extensibilities break low 
8%. Loss tenacity with increasing moisture con- 
tent not great for the highly oriented viscose— 
about 50% drop from dry wet conditions, com- 
pared 100% the case regular textile viscose. 

All commercial viscose rayons are purposely de- 
graded the alkali cellulose stage 300 
400 order have the proper viscosity for spinning 
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the xanthate mechanical 
properties largely brought about orientation 
achieved stretching the fibers during after 
spinning. the state order the cellulose 
viscose rayon very different from that the native 
cellulose cotton wood-pulp fibers. result, 
the dry stress-strain curve for viscose rayon has 
pronounced yield not found the natural cel- 
lulosic fibers (see Figure 1), and the over-all ex- 
tensibility greater for the textile viscose employed 
this experiment, particularly the wet state. The 
modulus the cotton fiber the low- 
strain region much lower than that textile vis- 
cose under dry conditions, but this 
sults from the unique spiral morphology the cot- 
ton This failure reproduce the stress-strain 
behavior cotton the viscose fiber should not 
considered great disadvantage; fact, may 
considered most fortunate, for makes viscose rayon 
one the most versatile fibers our 
tions where silk was once supreme, and staple form 
can alone blends with wool, cotton, 
and other man-made fibers give host widely 
varying fabrics. 

The high moisture absorption viscose rayon 
advantage many respects. example, vis- 
cose staple may blended with many the hydro- 
phobic induce body comfort, dyeability, 
higher ironing temperatures, freedom from local melt- 
ing, and alleviation the static electrification prob 
lem. Accompanying its high moisture absorption 
its excellent Viscose fabries “can dyed 
printed with wide variety dyestuffs and any 
degree with color fastness properties 
suit any need—and very low cost” This hy- 
drophilicity, however, not unmixed blessing. 
for with there the extreme swelling which con 
tributes much the instability rayon fabrics 
dry conditions, but when swollen 
plastic and soft. Thus, not surprising that 
tensive work has been done reduce its swelling and 
improve its resilience. Resin finishes and cross-link 
ing treatments have been developed recent years 
which are very effective reducing fabric instability 
and inducing wrinkle these processes 
must carried out very carefully order not 
reduce the strength and tear-resistance. fact, 


seems safe say that textile viscose rayon has long 
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way before will compete with dry wool wet 
hydrophobic fibers resilience. Yet, far enough 
along this direction that may blended with 
wool the newer synthetics yield fabrics with 
quite adequate crease-retention, wrinkle-recovery, and 
handle. the same time, has the capacity for in- 
blends other good properties inherent its 
high moisture absorption and, most important all, 
substantial reduction cost. 

Viscose rayon offers serious difficulties 
gards ironing range, local melting, pilling, static 
electrification. not outstanding abrasion-re- 
sistance, nor are its tactile properties very 
cotton, quite but considerable progress 
has been made reducing this deficiency. number 
have been developed, but perhaps the greatest success 
has been the field reacting the regenerated cel- 
lulose with inorganic salts. 

must not assumed, just because viscose rayon 
one the oldest the man-made fibers, that 
static textile material subject only piecemeal 
patching its Without betrayal con- 
fidences, can said that several capable research 
organizations are well along their quests for quite 
different and highly improved type regenerated 
cellulose interesting note that French 
scientists have recently reported [4] new type 
filament viscose with dry tenacity about g./den. 
and considerably improved ratio wet dry 
tenacity. Here appears that means spinning 
very fine viscose fibers with much smaller reduc- 
tion the the original cellulose pulp has 
been developed recognition the principle that 
the dynamic coefficient viscosity increases much 
less rapidly than the static coefficient with increasing 
Obviously, the state order the cellulose 
this fiber will quite different from that com- 
mercial viscose rayon, and the mechanical properties 
the fiber should not the this was 
found true when made some preliminary tests 
seen Figure the stress- 
strain curve almost linear, like that cotton, and 
the effect moisture has been under- 
stood that this new viscose fiber showing great 


this new fiber. 


However, the writer 
has seen number dyed and printed fabrics which 


approach silk very closely appearance and handle. 
Thus, seems that this new viscose has excellent 
dyeing properties and that the use extremely fine 
deniers (0.5 denier less) has resulted supple- 
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ness which counteracts the stiffening effect the 
higher D.P. 
regenerated cellulose fiber panacea for all the ills 
viscose rayon; indeed, this viscose may 


should not assumed that this new 


quite unsuitable for staple-fiber applications. 
ever, this development should comforting the 
chemist who dislikes having perfectly good long- 
chain molecule degraded, simply permit processing 
into the form fiber. 


Cuprammonium Rayon 


Cuprammonium rayon, sometimes referred 
“Cupra” “Bemberg rayon,” another regenerated 
cellulose occupies relatively minor position 
today with respect rayon made the viscose proc- 
ess, but still produced quantity and finds appli- 
cation knitted and woven wearing apparel, up- 
holstery, and decorative fabrics. very similar 
chemical structure and physical properties vis- 
cose rayon, but the fibers are circular cross section, 
compared the irregular star-shaped 
tion viscose. Furthermore, very fine fibers can 
spun this process, and there less degradation 
the somewhat more expensive pro- 


duce than viscose rayon, and thus its future doubt- 


ful, except for those applications where the circular 


cross section endows with unique characteristics. 


Saponified Acetate Rayon 


Perhaps this interesting fiber, marketed under the 
name should included among the cel- 
lulose derivatives since begins its life cellulose 
However, after deacetylation under 
tension, ends essentially regenerated cellulose. 


one the strongest fibers known, having 
dry tenacity which drops very little 
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bility break about 6.5% under dry conditions. 
Consequently, its fatigue life tire cord, like that 
glass, has thus far been rather discouraging. has 
found important applications, among them its use 
continuous-filament yarns nonrigid airship fabrics. 
appears have properties which should make 
very useful number other products, such 
special types sewing acetate 
very interesting the scientist for has tensile prop- 
erties which are affected moisture and temperature 
manner which strongly reminds one native 
cellulose 

common with all highly oriented regenerated 
celluloses, saponified acetate presents 
Yet, 
could produced crimped staple, there would 
reason speculate about its possibilities com- 


dyeing and rather expensive produce. 


Thus far, 
has been marketed only continuous-filament 


Acetate Rayon 


Acetate rayon second only viscose American 
consumption man-made fibers. fact, stands 
first among the continuous-filament fibers. Acetate 
may considered the ancestor the newer hydro- 
phobic fibers, for thermoplastic and has con- 
siderably “livelier” handle fabrics than does its 
cousin, viscose. Furthermore, acetate the bor- 
derline between the hydrophilic and the hydrophobic 
fibers, absorbing only about 
standard 


not particularly strong 
fiber. The regular variety has dry tenacity between 
1.3 and 1.5 g./den. and wet tenacity ranging from 


(WET) 
= 
a 
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Fic. Stress-strain curves for acetate and wool. 
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1.2 Its ultimate extension may 
high 30% dry and 40% The 
type has extensibility much dry and 
about 70% wet. glance the stress-strain curves 
acetate (see Figure gives further suggestion 
that essentially wool-like fiber. But here 
are misled properties deduced from the first stress- 
acetate behaves rather differently exhibiting 
much more pronounced progression stress under 
dry conditions upon repeated Nevertheless, 
acetate somewhat wool-like behavior, and yields 
better wrinkle-recovery than untreated textile viscose 
equivalent can blended with wool and 
the hydrophobic fibers much the same way 
customary with viscose. 

keeping with its character the ancestor 
the modern hydrophobic fibers, acetate not easy 
fact, entirely new set dyes was de- 
veloped for acetate. These are now proving useful 
for some the hydrophobics. Recently, methods 
have been developed which acetate can colored 
with acid and vat dyes. Whether not this will 
solve the atmospheric fading problem, which char- 
acteristic acetate, not yet known but 
sibility. The dope-dyeing technique, previously men- 
tioned, seems even more promising. 

Acetate suffers from number minor ailments. 
example, soluble acetone, creates some 
static charge processing, and subject the 
local melting does not felt pill, but 
very poor ironing range. However, this prob- 
lem seems have been met over period years 
educational campaign directed the housewife. 
short, acetate appears have enough good prop- 
erties counteract its weaknesses, and, because 
can produced low cost, both filament and 
staple form, will continue important fiber. 


The Protein Man-Made Fibers 


great deal research effort has gone into the 
development regenerated protein fibers. Most 
this work was undertaken sound basis, 
for there are many protein waste products, such 
chicken feathers, which offer cheap and almost inex- 
haustible supply raw materials. spite the 
originality the experimenters and the expertness 
their work, regenerated protein 
fiber has resulted. every instance, far 
can learn, these fibers have been sadly deficient 
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wet strength. Aside from certain protein fibers which 
have shown promise brush bristles, only two types 
are the market today. These are Ardil, the peanut 
protein fiber under development and 
Vicara, the fiber this 
discussion will confined Vicara, 
thought that most the problems which faces are 
about the same those for 

Vicara marketed “the fiber that improves the 
blend,” and this exactly what seen 
Figure the wet strength Vicara and also its wet 
extensibility are too low permit its use fabrics 
without stronger blending fiber. However, Vicara 
extremely effective blends with other fibers 
producing loftiness the produced only 
staple fiber, course, and not very expensive 

about $1.00 per pound. dyes any number 
techniques which are satisfactory for wool but, be- 
cause its smooth surface, does not felt. Thus, 
is, “as advertised,” very useful blending 
must not supposed that, eventually, better regener- 
ated protein fibers will not produced. Already 
known that certain cross-bonding reactions 
made take place which materially increase the wet 
strength. However, most them involve the use 
materials which produce toxicity the treated 
satisfactory regenerated protein 
fiber will produced, and this may cause re- 
vise our whole concept the man-made fiber 
Certainly nature produces wide variety protein 
fibers. For example, compare the behavior wool 
and collagen fiber, teased from piece tanned 
leather, shown also Figure The collagen fiber 
highly extensible, but yields linear stress-strain 
curve the dry state. 


The True Synthetic Fibers 


Finally, come the true synthetic fibers, which 
are made coal, water, air, petroleum, limestone, and 
other things not ordinarily found among the sweep- 
this discussion, the more important members this 
group are the polyamides, the polyacrylics (including 
copolymers acrylonitrile with vinyls and acrylates 
and the polyesters. Only brief consideration will 
given the polyvinyl, polvinylidene, and polyethylene 
fibers. All the true synthetics are strongly hydro- 
phobic, except possibly nylon, which absorbs between 
Hence, their mechanical properties change very little 
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upon immersing water and they have excellent 
durability laundering, and some them have 
properties. But their hydrophobicity, previously 
pointed out, introduces many problems, particularly 
difficulty dyeing and static electricity. 


Polyamides 


Nylon, the first true synthetic fiber, the only 
one real commercial importance The vari- 
ous Perlons, also the polyamide type, are produced 
the European continent, and least one major 
manufacturer plans make Perlon fiber this 
country. However, only the ordinary nylon now 
the American market will discussed 
melt-spun fiber with unusually high tenacity (7.5 g./ 
den. its highly oriented form). has very high 
extensibility and low modulus 
strains. Its resilience characteristics are good, al- 
though the time recovery from large strains 
rather first great success was the replace- 
ment silk women’s hosiery yarns, where, 
course, used the continuous-filament form. 
Its great strength and ability absorb energy, dy- 
namically statically, has made useful any num- 
ber industrial and military applications—thread, 
ropes, tire cord, sailcloth, parachute shrouds, body 
armor, continuous-filament form has wide 
acceptance satins, taffetas, marquisettes, and 
underwear fabrics, particularly tricot fabrics. 
finds limited use men’s shirtings, where its 
quick drying attraction for the gen- 
eral, however, nylon shirt judged uncomfortable 
hot weather, possibly because low moisture 
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with most the synthetics, the staple form 
nylon made with lower orientation and, hence, 
lower tenacity—about 4.5 can crimped 
several methods that can blended with 
other fibers the woolen, worsted, and cotton sys- 
tems spinning. Blended amount only 
woolen hosiery yarn, conveys amazing re- 
sistance wear and reduces felting shrinkage greatly. 
also used suiting materials, but does not ap- 
pear have quite the potential the acrylics and 
the polyesters for improving wrinkle-resistance and 
crease-retention. Neither does have the bulking 
power some the other synthetics, spite its 
low specific gravity (1.14), for has the 
cross section characteristic melt-spun 

The dyeability nylon certainly does not compare 
with that viscose rayon, cotton, 
ever, techniques have been worked out which permit 
the use acetate, acid, and chrome dyes well 
some direct, vat, azoic, and basic colors. has 
reasonably good chemical stability, although loses 
strength gradually upon exposure and 
has cold unpleasant feel the skin, and some types 
fabric have decidedly limp hand. While nylon 
has proved good replacement for silk hosiery 
which seems desirable women’s dress 
fabrics. common with the other hydrophobic 
fibers, offers problems local melting, 
flammability, static electrification, and wicking. 
has absolutely felting properties, which constitutes 
both deficiency and great virtue. 

summarize the situation with nylon, the 
pioneer synthetic which, without major change, has 
assured future. has largely replaced silk, but 
doubtful that wool and cotton will suffer much 
from its introduction unless its price can brought 
down appreciably. 


Polyacrylics 


The polyacrylic fibers will discussed group 
since they have many properties common. They 
are all strongly hydrophobic, with moisture regains 
ranging from standard conditions 
(65% R.H., 70°F). Only two varieties may con- 
sidered full production—Orlon, which es- 
sentially polyacrylonitrile, and Dynel, copolymer 
acrylonitrile and vinyl chloride. They are both sol- 
vent-spun and have low specific gravities thus, they 
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have high bulking power. Orlon made both 
continuous-filament and staple forms, and Dynel, 
staple fiber, has counterpart 
known Both are superior nylon 
tactile properties and, the staple form, have 
more wool-like mechanical behavior, Both have ex- 
cellent resistance solvents, alkalis, and acids, and 
thus have many industrial applications, with all 
the true synthetic the degree orientation may 
varied considerably give the properties desired. 
For example, continuous-filament Orlon (tenacity 
about 4.5 g./den.) oriented that its stress-strain 
curve practically with that high-quality 
silk, while staple Orlon (tenacity about has 
stress-strain behavior approximating that dry wool 
Possibly the low tenacity staple 
tially explains its superiority over other hydrophobic 
fibers resistance Orlon has one out- 
standing property—amazing performance outdoor 
the other hand, flammable after 
melting; Dynel the only organic 
and Dynel suffer from the difficulties inherent hy- 
dyeing, static electrifica- 
tion, and discomfort underwear ap- 
plications. Because they are thermoplastic, they offer 
problems low ironing (especially true for 
Dynel) and local melting. Nevertheless, staple fibers 
Orlon and Dynel have enjoyed 
cess blends with wool for apparel fabrics. They 
also have definite possibilities launderable blankets 
and certain types pile 

number other acrylic fibers with interesting 
properties have been developed, but are not 
full production. Undoubtedly, some these will 
come important, but they are difficult discuss 
present because the decidedly fluid state their 
compositions and properties. them are par- 
ticularly promising from the standpoint dyeability 
which copolymer acrylonitrile and 
vinyl acetate, and X-51, copolymer acrylonitrile 
and methyl methacrylate. The latter 
among the acrylic fibers because the fact that 
wet-spun, which said introduce microporosity 
which benefits dyeing and surface properties. Both 
these fibers have shown promise small-scale tex- 
tile experiments, but too early venture 
evaluation either them. 

sum the situation for the polyacrylic fibers, 
they seem have definite possibilities, particularly 
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the woolen and worsted fields, where they are com- 
peting with wool, the most expensive natural fibers. 
They fall far short wool many its properties, 
but have certain distinct advantages their greater 
tenacity and unusual wrinkle-resistance 
retention the wet state. 
depend upon the success those who are working 


Their futures, then, will 


hard correct their deficiencies and reduce the costs 
raw materials and processing into fiber form. 
Stress-strain curves for the acrylic fibers, nylon, and 
Dacron (all staple form) are shown Figure 


Polyesters 


There only one commercially available polyester 
fiber 


known 
“Dacron” this country and Eng- 
land. absorbs only 0.4% water under standard 
conditions, and supplied staple form with te- 
nacity suffers all the ills which can 
associated with strong hydrophobic thermoplastic 
has 


also proved have very good fatigue properties 


fabrics, either blended with wool alone. 


continuous-filament tire cords, but appears that its 
immediate future will staple fiber apparel 
uses. with the polyacrylics, great deal effort 
will have expended correcting its technical 
defects and reducing costs and 
processes, 


Other Synthetic Fibers 


There are number other synthetic fibers which 
cannot classified polyamides, polyacrylics, 
polyesters. Since none them has present much 
apparel uses, they will discussed 
very Polyethylene fiber made commercially 
small seale, and used upholstery and 
shoe and handbag fabrics. completely hydro- 
phobic, but has rather low tenacity ranging from 
2.5 g./den. Unfortunately, has low melting 
usefulness, but can made relatively low cost. 
There are number vinyl fibers which are in- 
terest primarily for chemical One 
these, Vinyon HH, produced quantity. The 
viny]-vinylidene chloride 
Velon, produced commercially 
filament form, and find wide application upholstery 


DACRON 

NYLON 
= 

ACRILAN 

d © ORLON 


STRAIN (%) 
Fic. Stress-strain curves for staple synthetic 
fibers (dry). 

fabrics and window-screening. They have also been 
spun fine continuous filaments, which may some- 
times found useful apparel and drapery materials. 
Fibers have been spun this country from 
alcohol insolubilized formaldehyde treatment, 
and such fibers are being produced commercially 
Japan under the name “Kuralon.” They are being 
used apparel fabrics, but not appear very promis- 
ing because the poor resilience the fiber, which 
Kuralon fibers, which 
have examined, have the peculiar property dyeing 


gives very dead hand. 


deeper shade the central portion the fiber. 
This results, course, from the failure the for- 
maldehyde diffuse the fiber axis within the al- 
lotted period. 


Conclusions 


the basis information which now have, 
seems quite safe conclude that the synthetic fibers 
will continue encroach more and more upon the 
domain the natural fibers industrial fabrics where 
the principal demands upon fiber are availability and 
performance per dollar, and the fickle yardsticks 
style, subjective reaction, and promotion play minor 
roles. The situation the apparel and decorative 
fabrics fields, however, much more 
analyze because our incomplete knowledge the 
technical requirements fiber clothing, the 
complicated economics governing the fiber raw ma- 
terial finished garment transition, and inability 
predict consumer whims the encourag- 
ing note that are making some progress our 
attempts understand performance requirements 
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fabrics terms fiber properties. Our knowledge 
the economics textiles, unfortunately, does not 
appear increasing very rapidly, and seems 
that progress this vital field will require the com- 
bined efforts economists, scientists, 
theoreticians. The future desires the consumer 
are almost completely unpredictable. For example, 
these days air-conditioned buildings and automo- 
quite possible that madame may find herself 
required, the dictates style and comfort, attend 
the theatre attired brief This would 
more upsetting the fiber picture than was the 
decision thousands American males about 
without hats and purchase suits without vests. Then 
there was the instance where the popular movie hero 
peeled off his shirt, revealing undershirt beneath 
suit and found themselves quite comfortable, except 
perhaps football But even football games 
are being observed these days television screen, 
and the need for male undershirt 
vanishingly 

Obviously, are prognosticate the apparel 
future the man-made fibers, must blind our- 
selves the possibilities radical changes eco- 
nomics and consumer reactions. Suppose, then, 
consider the possibilities the two great fields now 
dominated respectively cotton and 

Cotton has already lost two major large 
part its consumption bagging materials has been 
taken over paper. Most the tire cord used to- 
day high-tenacity viscose rayon, replacing cot- 
ton what was formerly its greatest single applica- 
spite these inroads, more cotton being 
consumed today than ever before and, view the 
extensive research effort now being expended cot- 
ton improve and extend its uses, the cotton 
grower would seem secure for some time. Although 
the current price cotton limited government 
controls, still relatively cheap fiber which cer- 
tainly can compete with the newer synthetic fibers. 
the present time, however, staple viscose and 
acetate are selling slightly lower price, and they 
must reckoned with, property for property, pre- 
dicting the future cotton apparel fabrics. Ace- 
tate does not seem likely competitor against cotton 
the basis its much lower tenacity and other 
mechanical properties which resemble those wool 
much more closely than those cotton, Viscose 
staple definitely threat, however, and seems bound 
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replace cotton certain applications. Neverthe- 
less, cotton still superior fiber many respects, 
and its price can brought down increased use 
the uses cotton are being example, 


mechanical harvesting techniques. 


its use carpets, where its low cost with respect 
wool makes very interesting raw 
suming monatonic character for the continually 
improving standard living this country, seems 
safe conclude that the total consumption cotton 
will greater ten years from now than today, 
perhaps not much greater but certainly 
This not say that the man-made fibers will not 
find acceptance many products now predominantly 
woven with cotton yarns. Undoubtedly they will, 
but predicted that ten years from now cotton will 
still “king the fibers” poundage basis, al- 
though cotton may drop percentagewise 
tion, 

When shift our scrutiny from cotton wool 
products, the whole picture changes since wool 
costly natural fiber, compared cotton, the 
outset, then, appears vulnerable substitution 
the man-made fibers. Indeed, this true and must 
establish minimum price for raw wool which 
would permit reasonable profits the grower and 
dealer. Moreover, hard predict the avail 
ability wool, for the sheep also produces meat which 
will bring good price. Thus, sheep farmer may 
decide shift his interests the fat 
lambs rather than good yields high-quality wools. 
There actually has been tendency this sort, both 
this country and the British Dominions recent 
years, which has brought about decreasing supply 
the finer wools, relative the medium wools which 
are grown the meat-producing types 
The high price wool and the uncertainty its 
availability various grades are serious, but the pos- 
This has caused great distress among wool manu- 
facturers. Perhaps the greatest 
wool textile industry will receive through the intro- 
duction the man-made fibers will stabilization 
wool prices. But, granted that the wool fiber 
is. fact, man-made fiber has ever approached 
all-around quality, except possibly tropical 
Some the hydrophobic fibers, notably 
Dacron, have been blended with enhance its 
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wrinkle-resistance and crease-retention under moist 
conditions. Nylon has been blended with wool 
give greater abrasion-resistance and reduction felt- 
ing shrinkage. Vicara has been blended with 
give enhanced loft. nonwoven felts, the wool fiber 
has found itself among many and varied neighbors, 
but has never profited from the association. But here 
let this the point which would seem 
that wool might called the “iron” the outerwear 
field which would serve the base material for tex- 
tile alloys the future. fact, the newer synthetic 
fibers could assume great stature this role without 
other applications, and their use probably would 
result expansion the applications and markets 
for must not assumed, however, that 
wool occupies completely secure 
quite possible, for example, that some relatively cheap 
hydrophilic man-made fiber might blended with 
reasonably good dyeing properties and excellent wet 
strength and doubtful that such fab- 
rics would have the luxurious handle fine 100% 
wool worsted, but, the hydrophilic blending fiber 
were viscose rayon fiber made derivative 
amylose, they might produced rather cheaply. 
The possibility such union between cheap hy- 
drophilic and hydrophobic fiber would 
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seem the major threat wool apparel fabrics, 
the basis present knowledge. 

conclusion, and departure from the enjoyable 
realm speculation which the title this paper per- 
mitted, does appear that the field fiber research 
rather interesting. would seem that the princi- 
pal natural fibers—cotton and wool—may with 
for quite some time, perhaps for very long time. 
All the man-made fibers have wonderful futures, 
provided they meet the three basic requirements— 
availability, reasonable price, and superior properties 
for least one important application. 
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Review Textile Research and Development 
During 1952 


Introduction 


This paper review the literature published 
during 1952 the fields textile research and de- 
velopment. The arrangement the subject matter 
differs from that the earlier Reviews this series. 
The discussions the details advances 
various fields interest have been eliminated, and 
much more analytical division the literature ref- 
erences has been made. However, the important 
aspects and trends research and development, 
evidenced the work published and 
technical journals the United States and abroad, 
have been outlined article. This 
preface, together with the titles the individual 
papers under the various subject classifications, 
intended provide concise but reasonably com- 
plete guide the 1952 literature textile research. 
hoped that this arrangement will make the Re- 
view more useful textile scientists and technologists 
well executives concerned with the planning 
textile research the industrial 
the products this research. 

Although these changes format have 
keep the Review manageable size, the actual 
the 
initial selection papers for this 1952 Review, there 
were almost thousand references which the editors 


number references cited has increased. 


have not included here. Some these were 
borderline interest the textile field; 
concerned some textile subjects systematically omit- 
ted. earlier years, the patent literature has 
not been reviewed. 

Every effort has been made insure the accuracy 
the literature citations. Where journals have not 
been available for checking references 
our attention abstract journals, the ref- 
erences have been included. Many articles 
Russian and Japanese languages also have references 
English language abstracts even though the orig- 
inal journal was the source the citation. 

The task searching the literature and making 
the original selection papers for this Review was 
carried out the following members the technical 
and White, detailed and painstaking 
task connected with the bibliographic work has heen 
most ably done Mrs. Charles Rosenblum. The 
Institute wishes express its appreciation 
Office Naval Research for its support part 
this work and for permission publish the Review. 


Trends Textile Research and Development 


Activity given field science frequently 
stimulated the new tools tech- 
niques technological demands for 
are apparent the reports textile research and 
development published during The influence 
these stimuli superimposed upon continually 
growing emphasis research this 
the business conditions the textile industry the 
last two have had adverse research 
activity, not apparent the number papers 


published. Reliance research and experimenta- 
tion becoming increasingly characteristic the 
textile industry. 

the new tools which have become generally 
available science since the war, one which seems 
making considerable contribution our 
knowledge the characteristics fibrous materials 
the electron microscope. This may due part 
the fact that perfectly complements older, 
well-explored techniques such optical microscopy 
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therefore been particularly 
the fine structure cellulose and protein fibers, and 
numerous papers describing its applications these 
problems are cited this 
considerable activity this field, there good rea- 
electron microscopy our understanding fibers 
far from exhausted. 

The development more sensitive instruments for 
fibers and fiber assemblies has stimulated work 
number interrelated fields textile 
These instruments have included number devices 
for measuring the stress-strain behavior fibers, 
rovings, yarns, and fabrics, and for estimating the 
Such 
tools have afforded workers new approach many 


evenness yarns and other fiber assemblies. 


very old problems fiber behavior various textile 
processing operations. Drafting and spinning have 
received attention both from 
point view and from the very practical aspects 
mill The possibility making 
measurements the physical properties various 
fiber considerable 
amount investigation into the interrelationship 
This work has 
contributed our understanding the principles 


assemblies has encouraged 


the properties structures. 


textile 
Many papers based upon information 


designing various 
structures. 
available from instruments this sort are included 
the Review under appropriate subject headings, 
particularly those Section 

The application other new machines 
esses apparent many sections the Review. 
instances where all papers describing the utiliza- 
tion new technique not fall under the same 
subject heading, cross-references the other appli- 
cations have been provided. 

References the 1952 Review point the press- 
ing demand for technological information 
This 
need strikingly illustrated the sections covering 


the processing synthetic fibers 


the development manufacturing and dyeing proc- 
esses, but its effects can also seen the directions 
which some fundamental work taking. great 
deal attention has been directed the preparation 
blends and their processing various drawing 
and spinning systems. 
over the last few years the field dyeing syn- 
thetic fibers has continued, and the dyeing blends 
has become important aspect this 


Cellulose Fibers 


Cellulose chemical raw material 
well the primary constituent the most widely 
used class textile chemical properties 
have consequently received and continue receive 
considerable attention. The conversion of cellulose 
xanthation and acetylation into suitable 
for fiber spinning and the behavior the xanthate 
subjects many research papers during the past 
year. 


solution 


The preparation and properties carboxy- 
have also been actively investigated, 
and the applications this material have increased 
largely because its usefulness builder 
tergent 

The susceptibility cellulose fibers 
during wet finishing, dyeing, and other operations, 
and the economic importance the de- 
gradation have continued stimulate interest the 
detection oxidized cellulose and the investigation 
other than oxidation responsible for the deteriora- 
tion cellulose, has also received attention, espe 
cially workers concerned with the 
Work 
this field reported papers cited Section VII 
well the appropriate subsections Section 

The physical properties cellulosic fibers have 
not been neglected. 


drolysis of cellulose by microorganisms. 


The application electron 
microscopy the study the fine structure fibers 
has already been The correlation the 
contributions this technique with those optical 
microscopy, x-ray diffraction, 
has considerably advanced our 
fiber structure. increasing understanding will 
affect the interpretation studies the accessibility 
the cellulose various reagents, the reactivity 
pulps, the absorption and swelling behavior cellu- 
lose, and its mechanical properties, which continue 


active subjects for 


Protein Fibers 


protein fibers wide biological importance, and 
the textile protein fibers are only part this prob- 
lem. grasp its more general aspects very 
useful following developments the morphology, 


fine structure, and x-ray structure wool 


These interrelationships are also important 
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work which has been reported the chemical struc- 
ture and biosynthesis these fibers. 

research the mechanical properties pro- 
tein fibers, emphasis has been placed studies 
the elastic modulus and the use chemical reagents 
The 


reaction kinetics involved stress relaxation wool 


and resins for modifying physical behavior. 


when various stress-supporting bonds are chemically 
broken has also been studied. 

The detection wool damage, its effect me- 
chanical properties, and its prevention have been 
tions and VII. The composition wool wax 
and the structure some its components have 
received some attention because the economic de- 
sirability finding uses for this by-product. There 
appears have been littie activity the field 
regenerated protein fibers. 


Synthetic Fibers and Other High Polymers 

The synthetic fibers are special group ma- 
terials the large and growing class man-made 
high polymers. The published research synthetic 
fibers 1952 has stressed the problems involved 
relating fiber structure mechanical properties and 
fiber behavior textile finishing and dyeing. The 
aspects structure which have been 
clude chemical composition, crystallinity, orien- 
tation. addition these structural parameters, 
the effect fiber morphology 
havior should receive more attention than the pub- 
lished literature indicates. these problems 
are general interest the high-polymer field, and 
Parts and Dof Section contain papers con- 
cerned with more general aspects the relations 
hetween structure and properties. Studies visco- 
elastic behavior, solid-state rheology, relation static 
dynamic properties, absorption, and swelling are 
individual synthetic fibers are cited the sections 
the particular fiber. 

large number papers the production and 
properties polyvinylalcohol fibers has appeared 
Japanese journals, but not clear whether these 
fibers have become commercially important Japan. 


Molecular-Weight Determination 


The published literature indicates 
continues the most widely used method for 
estimating the molecular weight high polymers. 
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Recent work this technique has been concerned 
primarily with the non-Newtonian 
istics high-polymer solutions. Approaches this 
problem, for the most part, have attempted extend 
the application Newtonian conditions 
bation methods. Osmometry, light scattering, and 
ultracentrifugation are chief among the other tech- 
niques which have been used for determining the 
molecular weight high polymers. 
the principle and application the light-scattering 
method during 1952 indicate that this relatively new 
technique may not yet have reached its fullest de- 
velopment. 


The principles molecular-weight determination 
the methods mentioned above involve many aspects 


the behavior high-polymer molecules 
tion, and papers discussing some these aspects are 


among the references Section VC. 


Test. Methods and Apparatus 


Each area textile research develops test methods 
and apparatus, and descriptions have been published 
many specialized techniques for analyzing cellu- 
lose, cellulose derivatives, and surface-active agents, 
for controlling vat dye baths, for matching colors 
and testing their fastness, for measuring the me- 
chanical properties and evenness fiber assemblies, 
for evaluating detergency, and for many other pur- 
poses. These are cited under appropriate subject 
headings throughout the Review. number less 
specialized tests have been grouped Section 
There are large number papers the geo- 
metrical and physical properties single fibers and 
fiber assemblies, and new methods for determin- 
ing fiber fineness distributions. 
Procedures for studying the mechanical properties 
slivers, tops, and rovings and for determining the 
wear and abrasion-resistance fabrics have also 
been described. 

The introduction new fibers and their common 
use blends have made necessary the development 
new schemes for analyzing mixtures fibers. 
number new procedures for determining various 
finishing agents fibers have been reported. 


Fiber-Yarn-Fabric Relationships 
The engineering approach studies 
lationships among the properties fibers, yarns, and 
fabrics has been greatly advanced since the war, and 
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workers this very complex field. Further work 
will have done, however, 
predictions the behavior yarns and fabrics can 
made from the properties their constituents. 
ning, and the role twist determining the elastic- 
ity and strength yarns have been studied many 
laboratories. Instruments for determining the regu- 
larity yarns and loose fiber assemblies have con- 
tributed the understanding the behavior 
fibers during processing, and are 
useful tools manufacturing control. 


Textile Manufacturing 


esses for natural fibers have not been neglected 
the literature for 1952, the synthetic 
ceived larger share attention than their relative 
use would perhaps natural con- 
sequence the introduction such wide variety 
new fibers. novel machinery has been de- 
veloped for the mechanical processing 
but many papers have described the adaptation 
existing manufacturing systems for 
thetics and blends synthetics with and 
regenerated fibers. presents 
major difficulty working with the synthetic fibers, 
and published reports 
fundamental and applied research this problem 
progress. 
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Numerous discussions various phases spin- 
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the yarn balloon, the effect warp tension 
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Dyeing and Finishing 
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some involving new types machinery, have been 
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for hydrophobic fibers; others were 
dyeing procedures for established fibers. 
ment these techniques continued during 
Further work the cuprous ion process for dyeing 
acrylic fibers and various methods for high-pres 
sure and high-temperature dyeing 
sented. Theoretical investigations the dyeing 
process, the behavior dyes solution, 
mechanism dye-fiber interaction 
attention. Techniques for evaluating and matching 
colors and for determining the fastness properties 
dyed materials have also been 

The area finishing publication has 
been most active that concerned with stabilizing 
cellulosic fabrics with synthetic 
resins. have also been some papers devoted 
milling, shrinkproofing wool, flameproofing, and 
other finishing 
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ZEIN FIBER 


compared other soft luxury fibers 


PROPERTIES Vicara Cashmere 


Denier Fiber Tested 2.4 2.5 1.9 2.9 


Tensile Strength 


g/den 1.17 1.09 1.43 


Ultimate Elongation 


° 
Length Recovery stretch 


from Stretch 20% stretch 


stretch 


stretc 


Work Stretch stretch 
20% stretch 


Young’s Modulus 
g/den/per cent 


Compliance Ratio 
den/gm 


These data show striking similarity the characteristics these four soft luxury 
fibers. The chief difference, not shown the table above, the difference 
price. The base price Vicara only per pound! 
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now assured for any type fiber, 
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finish any fabric. 


AND WORK CLOTHES SAFER 
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impart antistatic protection, and the correct 
type carding, drafting spinning property 
each type fiber being manipulated into yarn. 


New folder describes uses, advantages and 

proven testing methods. Indicate the particular 
application you have mind and write for 
your copy today. 
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